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THE GEOLOGICAL SURVEY. 



The Board of Management of the Geological and Natural 
History Survey take pleasure in presenting the second of its 
proposed publications, a list of which may be found on the 
fourth cover page. 

The history and aims of the survey are outlined in the 
first bulletin, The Lichen Flora, prepared by Mr. W. W. 
Calkins, and published through the generosity of Mr. Albert 
Dickinson. It is only necessary, therefore, to repeat here the 
extent of the territory covered by the survey. This area 
comprises Cook and Du Page Counties, and the nine north 
townships of Will County, in Illinois, and a portion of Lake 
County, Indiana, giving a surface of about forty-eight or fifty 
miles square, or a land surface of nearly 1800 square miles. 

The present bulletin on the Pleistocene Features and 
Deposits of the Chicago Area, has been prepared by Mr. 
Frank Leverett, of the U. S. Geological Survey. The Board 
desires to express its appreciation of the time and labor that 
must have been taken from the stress of other duties in the 
preparation of this very creditable work as well as of the 
assistance given to Mr. Leverett by individuals and institu- 
tions, recognition of which has been made in the body of 
the text. 

The Board wishes further to make acknowledgement of 
the courtesy extended by the Sanitary District of Chicago, 
which, through the kindness of Mr. T. T. Johnston, Assistant 
Engineer, prepared the maps and profiles from Mr. Leverett's 
manuscript copy. 

All into whose hands this bulletin may come, will join 
with the members of the Board in appreciation of the gener- 
osity of Mr. George Laflin, whose prompt response to the 
request for funds to publish the bulletin is but another 
instance of the liberality which has marked his attitude 
towards the Chicago Academy of Sciences. 

The Board. 
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Pleistocene Features and Deposits of the Chicago Area. 

By FRANK LEVERETT. 



INTRODUCTORY STATEMENT. 

The Chicago area here discussed embraces not only the site 
of the city, but adjacent territory west and south, nearly to tlie 
Fox and Kankakee Rivers, and north nearly to the line of Illinois 
and Wisconsin. It is made to include the first great moraine which 
sweeps around the head of Lake Michigan, as well as several weak 
morainic lines hing nearer the lake. It includes also the ancient 
beaches of Xortheastern Ilhnois and a portion of the outlet of 
the body of water which formed them. It is a countr}^ exception- 
ally full of varied and interesting features. 

Some of the features, especially those pertaining to the old 
lake and its outlet, are discussed by Dr. Edmund Andrews, in an 
early volume of the Transactions of the Chicago Academy (i). 
The same features and some of the leading features of the glacial 
deposits were briefly discussed by Dr. IT. M. Bannister, in his 
official reports to the State Geologist (2). A description of the 
principal moraine traversing this district, based upon studies by 
Prof. T. C. Chamberlin and Prof. L. C. Wooster, is given by Pro- 
fessor Chamberlin in an early report of tlie United States Geolog- 
ical Survey (3) ' ' 

Tlie paper which follows aims to discuss these features in the 
light of a somewhat detailed study of Pleistocene deposits, w^hich 
T have had the privilege of making in this and adjacent districts. 
Carried on as this study has been, under the direction of Prof. T. 

m '^' I'"'TJ'^*''*t? Amiirlcan Lukes non«i«ipirod as ChroTiom«ter» of Post (?Iaoia1 
iini«». IJy T)r. Edmund Androwa, Transactions of The Chicago Academy of 
S«)i(*nc<»«*. Vol. IT. 1R70. im. i-2:i. 

ro) GooloiTv of Cook Oountv. By H. M. Bannister. Vol. TTI. isfis.^p. 239-M4. 
1S70 ni^' n ^''^'^"^- ^^^^- *"•* I>"Pftgi^ Counties. By H. M. Bannister. Vol. IV, 

1'^ yll^^^^^^^ ^^ MoHt^nry and Lako Countios. By Dr. H. M. Bannister. Ibid. pp. 

T> mi^ Pn^liminary Paper on the Terminal Moraine of the Second Glacial Knooh. 
By Thos. C. Chamberlin, Third Annual Report, U. 8. Oeol. Survey, 1881-82, pp. 322-325. 
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INTRODl'CTORY STATEMENT. 

The Chicago area here discussed embraces not only the site 
of the city, but adjacent territory west and south, nearly to the 
Fox and Kankakee Rivers, and north nearly to the line of Illinois 
and Wisconsin. Tt is made to include the first great moraine which 
sweeps around the head of Lake Michigan, as well as several weak 
morainic lines lying nearer the lake. Tt includes also the ancient 
beaches of Xortheastern Illinois an<l a portion of the outlet of 
the body of water which formed them. It is a country cxcei)tion- 
ally full of varied and interesting features. 

Some of the features, especially those pertaining to the old 
lake and its outlet, are discussed bv Dr. Edmund Andrews, in an 
early volume of the Transactions of the Chicago Academy (i). 
The same features and some of the leading features of the glacial 
deposits were briefly discussed by Dr. H. M. Bannister, in his 
official reports to the State Geologist ('2). A description of the 
principal moraine traversing this district, based upon studies by 
Prof. T. C. Chamberlin and Prof. L. C. Wooster, is given by Pro- 
fessor Chamberlin in an early report of tlie I'^nited States Geolog- 
ical Survey (3) .7 

Tlie paper which follows aims to discuss these features in the 
light of a somewhat detailed study of Pleistocene deposits, which 
T have had the privilege of making in this and adjacent districts. 
Carried on as this study has been, under the direction of Prof. T. 

a) Tho Norfh American Lakes nonsidered as Chronompters of Post (?laoial 
lime. By T)r. Kdmnnd Andrews, Transactions of The Chioaffo Academy of 
Scionoj's. Vol. ir. 1R70. pn. 1-23. 

(2) Gdf.loffv of Oook ( ounty. Bv H. M. Bannistor. Vol. Til. IsCK/pp. 239-244. 

,o«« '^**^^^' ^^ DiiKalb, Kane and DuPago Counties. By F. M. Bannister. Vol. IV, 
1S70. pp. iii-n3. 

12ft 13?'^^^^' ^' McHenry and Lake Counties. By Dr. H. M. Bannister. Ibid, pp. 

X* ISl I^rvliminary Paper on the Terminal Moraine of the Second Glacial Enoch. 
ByThos. C. Chamberlin, Third Annual Report. U.S. Geol. Survey. 1881-82. pp.322-325. 
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10 •- ••• CHICAGO ACADEMY OF SCIENCKS. 

C. CliaiTib^rlin, I have had the benefit of counsel and guidance, 

• * * 
whioSJies been of great semce and which it is a pleasure to ac- 

■kjiowledge. 

,•' The studies in Illinois, upon whidi the present paper is based, 
//;•.' /A'ere entered upon in 1886, near the beginning of my study of 
Pleistocene deposits, and the greater part of the work in the Chi- 
cago Area was done in that and the following season. The study 
in Northern Illinois was carried into greater detail than in most 
of the territory subsequently covered, chiefly because of the com- 
plexity of the features. Nearly every township was traversed at 
intervals so close as to give opportunity to see practically all of 
the surface, to examine the best natural exposures, as well as rail- 
way cuttings and other artificial exposures, and to collect records 
of nearly all the important borings. Portions of the district liere 
discussed have been recently re-examined. This has in a measure 
made good the loss consequent upon the lapse of time, and lias 
l)roug<ht the interpretation into harmony with the present stale of 
knowledge of Pleistocene events or stages. 



GEOLOGICAL AND NATURAL HISTORY SURVEY. 1 I 



OUTLINE OF TIME RELATIONS OR GLACIAL SUC- 
CESSION. 

The complexity of the glacial events is such that it will be 
advantageous to outline as clearly as possible at the outset the 
recognized glacial succession and thus learn the position of the 
drift of the Chicago Area in the series of drift sheets displayeil 
in the Mississippi Basin and adjacent territory. Tlie outline given 
below aims to present simply the recognized subdivisions. These 
may prove to differ widely in rank or importance. The main divi- 
sions here outlined seem to be much longer than the secondary 
divisions and they may be of very unequal length. They appear 
to have the rank of an epoch, or main division of a period, except 
the divisions of Lake history, whicli, perhaps, should be substages. 
The outline aims to cover the events between the deposition of the 
oldest recognized drift sheet and the final recession of the ice 
sheet into the region north of the Great Lakes. That region may 
furnish several additional substages and possibly one or more 
stages. The outline differs from that published by Prof. T. C. 
Chamberlin, in a recent number of the Journal of Geology (i), 
only in being a fuller presentation of substages in the Wisconsin 
drift series, and in including tJie lake history of this region. 

OUTIilNE OF THE DRIFT SHEETS AND INTERVALS. 

1. Oldest recognized drift sheet — ^the Albertan of Dawson. 

2. First, or Aftonian, interval of recession or deglaciation. 

3. Kansan drift sheet of the Iowa geologists. 

4. Second interval of recession or deglaciation. 

5. IlUnoian drift sheet. 

6. Third, or preloessial, interval of recession or deglaciation. 

7. lowan drift sheet and main loess deposit. 

8. Fourth, or postloessial, interval of recession or deglacia- 
tion. 

9. Early Wisconsin drift sheets. 

Substage i. Shelbyville morainic system. 
Substag^ 2. Champaign morainic system. 
Substage 3. Bloomington morainic system. 
Substage 4. Marseilles morainic system. 

10. Fifth interval of recession, shown by shifting of ice lobes. 

(1) Journal of Geology, Chicago University. Vol. IV, No. 7 October-November. 

8iM). pp. 872-876. 



12 CHICAGO ACADEMY OF SCIENCES. 

if. Late Wisconsin drift sheets. 

Substage i. Great bowlder belts and accompanying 

moraines. 
Substage 2. Valparaiso morainic system. 
Substage 3. Lake-border morainic system. 

12. Lake Chicago submergence. 

13. Emergence of plain, covered by Lake Chicago. 

14. Partial resubmergence of plain, covered by Lake Chi- 
cago. 

15. The present stage of Lake Michigan. 

It appears from the above outline that the late Wisconsin 
series covers the entire Chicago Area. A brief discussion of the 
several drift sheets which preceded the Late Wisconsin will be of 
advantage, how^ever, both for comparison and for the interpreta- 
tion of the deposits of earlier drift found beneath the late Wiscon- 
sin within the Chicago Area. 

Explanation of Map of North America. —The position of the 
four main centers of glaciation is indicated, viz.: The Cordilleran, 
confined chiefly to the region west of the Rocky Mountains; the 
Keewatin, extending over the area betw-een the Rocky Mountains 
and Hudson Bay and reaching Central Missouri at its farthest 
point south; the Labrador, extending over the peninsula of Lab- 
rador, and the Great Lakes, witli its extreme south w- est terminus 
in Southern Illinois, and the eastern borders of Missouri and Iowa. 
(The eastern New England, New- Brunswick, Nova Scotia and 
Newfoundland glaciation may Be from small indei>endent cen- 
ters, but this can scarcely be considered as demonstrated.) The 
fourth center of glaciation is the Greenland, which is still largely 
ice covered. The Driftless Area of Southwestern Wisconsin and 
border districts stands between the fields covered by the KcHiwatin 
and Labrador ice siheets. South from this driftless area is a nar- 
row belt covered first by the Keewatin and later by the Labrador 
ice sheet, as indicated in the text. 

The principal glacial lakes are perhaps sufficiently outlined 
to be deciphered. Lake Agassiz is shown clearly. Lake Iroquois 
occupies the Ontario basin and border districts. The Warren and 
Algonquin Lakes are more difficult to decipher. Lake \\ arrcn 
is now restricted by several geologists to a body of water that dis- 
charged across Southern Michigan from the Erie-Huron basin. 
At that time Lake Chicago was occupying the south end of the 
Lake Michigan basin. A small predecessor of Lake Warren, 
called Lake Maumee, had southweslward outlet to the Wabash. 
A lake discharging southwestward from the Lake Sui)erior basin 
was probably a contemporary of Lake Warren. At the Lake 
Warren stage the ice sheet w-as apparently covering the region 
about the straits of Mackinac, much of Georgian IJay, and the 
eastern end of Lake Ontario. Lake Iroquois, in the Ontario basin, 
is of later date than Lake Warren, and is thought to have been 
held in on the northeast by the ice sheet, as shown by studies of 
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GEOLOGICAL AND NATURAL HISTORY SURUEY. 13 

Gilbert not yet published in full. Lake Algonquin represents a 
stage where an eastward outlet, from Georgian Bay by Trent 
River, to Lake Iroquois, was open, the outlet to the St. Clair being 
for a time above lake level. At that time the emergence of the 
south end of the Lake Michigan basin, discussed in the text, may 
have occurred. For the use of this map plate we are indedted 
to the Inland Educator Company of Terre Haute, Indiana. 

aijBektan, or oldest becognized drift sheet. 

Dr. George M. Dawson has recently called attention to a very 
aged drift sheet found by him in the province of Alberta, east of 
the Rocky Mountains, in Southern Canada (i). Its relation to 
drift sheets in the United States is not definitely worked out. It is 
overlain by a s^hect that is i)robably either the sub-Aftonian (for- 
merly Kansan) of Professor Chamberlin, or the somewhat later 
sheet to which the Iowa geologists have applied the name Kan- 
san. Sliould the lower sheet prove to be the one that overlies the 
Albcrtan drift it will be necessary to place that drift in a still earher 
stage than the sub-Aftonian of Professor Chamberlin, for it is de- 
scribed to be of markedly greater age than the drift sheet which 
overHes it 

aftonian interval of recession. 

The interval of recession or dcglaciation, following the depo- 
sition of the lower till sheet of Southern Iowa, and named by Pro- 
fessor Chamberlin the Aftonian, from the type locality near Afton, 
Iowa, is characterized by soil and weathering of such a marked 
character that it no doubt will be recognized widely as the detailed 
study progresses. In the present stage of investigation it scarcely 
can be separated from soil-s of other horizons, except in the dis- 
trict which lies outside the lllinoian and. the lowan drift sheets. 
This district has not as vet received much studv, hence the extent 
to which the soil remains iiitact.is not known. 

In Southeastern Iowa and Western Illinois several instances 
of the occurrence of a black soil between l)e(ls of till, and thought 
to Ije the Aftonian, have come to mv notice. There is an element 
of uncertainty from the fact that it is near the border of the drift 
sheet, where minor oscillations of the ice margin are liable to have 
occurred, which may have caused the burial of soils whose extent 
is limited. It is not yet made certain fliat they mark a prolonged 
inter\'al, such as Professor Chamberlin finds to be exhibited in the 
type locality near Afton. 

(1) Bulletin Goologicol Soeioty of Amoriaa. VoL 7, pp. 31-GA. Issued Nov. 1806 
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KANSAN DRIFT SHEBT OF THE IOWA OEOLOGISTH. 

This is a sheet which has much importance in the drift series, 
for it constitutes a large part of the drift of Southern Iowa and 
Missouri and probably remains in extensive sheets beneath the 
later drift in districts to the north. It apparently extends into 
Western Illinois a short distance, beneath the Illinoian drift sheet. 
It is a sheet that has as yet received but Uttle attention, the chief 
study given it being in Southeastern and Southern Iowa. 

SECOND IKTERVAIi OF RECESSION OR DEGIjACIATION. 

This interval is known not by a recession and readvance of 
the same ice sheet, nor a sheet wath the same gathering ground, 
but by the recession of one ice sheet and the advance of another 
ice sheet into the region thus abandoned. It has been studied only 
in Southeastern Iowa, w'here the Illinois lobe has encroached 
upon the territory which had been occupied by a more western 
lobe. 

Evidences of the lapse of a long period between the with- 
drawal of one ice sheet and the invasion of the other are clear and 
decisive. The drift of the earlier sheet is a very calcareous till, yet 
its surface had been leached to a depth of several feet before the 
Illinois lobe encroached upon it. 

Accompanying the leaching was the formation of a black or 
humus stained soil, numerous exposures of which are to be seen 
in Southeastern low^a under the drift of the Illinois lobe. 

There was also much erosion of the surface by stream action. 
Prior to the discovery of the extension of the Illinois lobe into 
Southeastern Iowa it had been noted by Professor Chamberlin, 
as well as by the writer, that Southern Iowa presents a more 
eroded appearance than Illinois and the southeastern counties ot 
Iowa. In the former district remnants of the original drift plain 
are confined to narrow strips between water courses, while in 
the latter district such remnants are far more extensive, compris- 
ing mwch more than half the surface. It is planned to make a 
careful measurement of the relative amounts of erosion in the 
two districts, for erosion studies made with proper analytical 
method promise to furnish the most satisfactory means available 
for measuring such time intervals. 

IIiLINOIAN DRIFT SHEET. 

Under this name is included the sheet of drift which covers 
Western Illinois and extends a few ijiiles into Southeastern Iowa. 



^ 



^^iiJiyiiMliiyi 



slllll 



» e SSI B* sr RR R r I! e » es BM saa R u ■ SIB <■ tsi Bs ! 5 
^ = 9 3= 91 Eaaan an ji it]i li s R MS H n R NK BM sa no 13 s G« n B 




(0 tf 

O I 

z » 

il 

u a 

I- I 



v.i*^^T!^ 






GEOLOGICAL AND NATURAL HISTORY SURVEY. 15 

It remains to be determined whether it should be made to include 
all the drift of Southern Illinois and the oldest sheet of drift in dis- 
tricts to the east from Illinois. Further study is also necessary 
to determine whether the drift on the border of the Driftlcss Area 
in Northwestern Illinois and Southern Wisconsin is so recent as 
the Illinoian sheet. There may be found in the region referred to 
a sheet or sheets of drift corresponding in age with one or both of 
the sheets in Iowa that are earlier than the Illinoian drift sheet. 
Tlie drift of these regions is thus only provisionally referred to the 
Ilh'noian stage. 

The IlHnoian sheet has in Southeastern Iowa and Western 
Illinois a variable thickness, ranging from ten feet or less up to 
fully lOO feet, with an average of perhaps forty feet. It is scarcely 
so thick as the older sheet of Iowa and Northern Missouri, whose 
edge it overlaps in Southeastern Iowa. In Southern Illinois, also, 
the drift is not so thick as in the old sheets of Iowa and Missouri, 
being even thinner than in Western Illinois. The same is true of 
the old drift sheets of Southern Indiana and Southern Ohio. In 
all these districts the older drift is not so thick as the newer. Tlie 
Illinoian drift sheet has mainly a plane surface, but near its mar- 
gin there is a tendency to morainic ridging. The ridging is a sub- 
dued form, the ridges being one-half to one mile or more in width, 
with a relief of but twenty-five to fifty feet. The extent of the Illi- 
noian sheet and the distribution of its ridges are shown on the 
accompanying map (plate 2). 

Explanation of Map of Illinois. — In this map the extent of 
the Illinoian drift sheet is represented. Its extension into Mis- 
souri, near St. T.onis. is conjectural, but the extension into Iowa is 
well established. The several moraines formed in the earlv and late 
Wi<:consin staercs are indicatcfl by shadinij: with dots. The extent 
of Lake Chicacfo in Northeastern Illinois and Northwestern In- 
diana is also renresented. These features have been added to the 
map as published bv U. S. Geoloerical Survev. The 50 foot 
contours appear except in the hilly, parts of Illinois and in 
western Indiana where only 100 foot contours are shown. 

THIRD OR PRELOESRIAIi INTERVAIi OP RECESSION 'Olt DEOIiACIATION. 

Tliere is between the Illinoian drift ,sheet and the overlving 
mantle of loess and associated silts a well-defined soil horizon. 
There is also leaching of the till to depths seldom less than four 
feet and often much more. It is, therefore, an interval of con- 
siderable importance. Its length, however, appears to be some- 
what less than that of either of the two eariier intervals. 
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Prof. Worthcn early recognized this soil horizon at the base 
of the loess and made numerous references to it in the Geoloj^fv of 
Illinois. Bein^ situated near the surface, it is much more fre- 
quently exposed to view than the soils at lower horizons. Prob- 
ably, also, it has been subjected to less disturbance and removal 
than soils which were overridden bv the ice sheet. 

lOWAN DRIFT SHEET AND MAIN L0E8B DEPOSIT. 

This sheet of drift was brought to notice by Mr. W J 
McGee in his early papers on the drift of Northeastern Iowm, where 
it is commonly referred to as tbe "upper till." Tt was found by Mr. 
McGee to be of the same age as a deposit of loess which covers 
Southeastern Iowa, but which was excluded from nuich of North- 
eastern Iowa by the ice sheet Ci). 

This drift sheet Mr. !McGce found to be markedly diflferent in 
its stony ingredients from the sheet that underlies it. It is sep- 
arated from that sheet by a prolonged inter\'al. This interval, it 
now appears, comprises not only the third or prelocssial interval 
of Western Illinois, but the time coveretl by the Ulinoian stage of 
glaciation and the deglaciation interval which preceded it. Com- 
prising thus the time of hvo stages of deglaciation and one of gla- 
ciation, the inter\^al show^n in Northeastern Iowa is necessarily 
very marked. 

The lowan sheet is thought to be represented in Northern 
Illinois bv a sheet of drift found mainly east of Rock River, 
though extending in places west of that stream. Tin's sheet is con- 
cealed within a few miles east of Rock River by a later drift sheet 
Cthe earlv Wisconsin). 

Rotli in Iowa and Illinois the sheet referred to the lowan 
stage is perceptibly fresher than the sheet of the Ulinoian stagfc 
of glaciation. The depth of leaching is, on an average, one to two 
feet less than on the Ulinoian drift sheet. The erosion of streams 
is also less, apparently not more than half as great as in the Uli- 
noian drift sheet. 

FOURTH OR rOBT-I«OESSIAL INTERVAIj OF RECESSION OR DEOIiACIATION. 

This interval is sihown to be one of considerable length by 
the amount of valley excavation which occurred between the de- 
position of the loess and the succeeding stage of glaciation. At 
the close of the loess deposition the main valleys, such as the 
Missouri, Mississippi, and Illinois, were filled througliout most 

. ui ^^\ Soo Kleventh annual report U. S. Gooloffic'jil Survey for a full discussion of 
t !iis drift shoet. 
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of their lower courses to heiglits of 75 to 100 feet, or more, above 
the present streams. Rut before deposits from ihc waters, contrib- 
uted by the succeeding" g-laciation, were poured into these valleys, 
tliey had been cut down about to the present level of the streams 
and in some cases, perhaps, to an even lower level. 

The cutting down of the valleys indicates a marked chancfe 
in altitude or at least in attitude of the land surface, and this 
diange cannot have been accomplisJlied in a very brief period. 

EARIiT WI8CON8IN DRIFT SHEETS. 

Under this term are include<l several important morainic sys- 
tems, which are well displayed in the State of Illinois. Tlie names 
applied to these morainic systems are in ever>' case taken from 
Illinois localities. Shelbyville is derived from the county seat of 
.^helby Coimty, which is situated on the outer belt of moraines. 
Champaign is from the city of that name in Eastern Illinois, which 
is situated on one of the principal members of the morainic sys- 
tem to which the name is apphed. Bloomington is situated upon 
the principal member of a still later system of moraines, well dis- 
plaved in Central Illinois. Marseilles is situated at a point where 
the moraine to which this name is applied crosses the Illinois 
River. 

It is thought t*hat tlie several morainic systems just men- 
tioned were formed in comparativelv rapid succession in the order 
named. At least no decisive evidence of a prolonged inter\'al 
senaratinir the formation of successive morainic systems has been 
discovered. It is probable tliat some oscillation of the ice front 
occurred, so that the moraines do not mark simply halts in the 
recession of the ice. Tliey mav mark the limits of successive 
advances following retreats of minor importance. 

Shelbyville Morainic System.— T\\^ Shelbvville morainic 
svstem marks the southern limits of a sheet of thick drift, the 
thickest, perhaps, formed in Illinois at any stage of tlie glacial 
period. Tlie distribution of tlie moraine may be seen bv reference 
to the accompanying map fPlate 2). Whether the outer ridge 
throughout the entire extent from the Wabash River, near Ttrre 
Haute, Ind., around to the Wisconsin line, near Har\'ard, 111., w^as 
occupied at any one time by the ice sheet, or whether there were 
oscillations bv w^hich some parts were formed earlier than others. 
is not yet definitely settled. Possibly the outer ridge in the vicinity 
of the Illinois River should be classed with the lowan rather than 
the Early Wisconsin drift. This system has not much relief 
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a])ove the district lying on its inner or iceward border, since that 
district was filled with drift nearly to the level of its crest. But on 
the outer, or landward, border there is usually a relief of 75 to loo 
feet or more. Viewed from the outer border, the moraine in places 
presents the appearance of a bluff or escarpment, though the rise 
of 75 to lOO feet usually occupies a mile or more. 

By reference to the map, it will be seen that there is a feeble 
morainic belt lying a few miles back from the border of this drift 
sheet. This is included with the Shelbyville system. It seems to 
itiark a brief halt of the ice sheet soon after it began its retreat. 

The main moraine, though very bulky, has but little surface 
expression, much of it being nearly as smooth as the plains to the 
north. It consists mainly of a single ridge, but in Edgar aiitl 
Coles Counties it has in places a double ridge. The feeble belt just 
referred to presents in places a sharper morainic expression than 
the main moraine, there being clusters of sbarp knolls risino^ 
abuptly thirty to fifty feet, or more, above border tracts. The 
greater part of this belt, however, has a gently undulating surface, 
like that of tbe main moraine. 

This sheet of drift, terminated by the Shelbyville moraine, is 
composed in the main of a soft, fresh-looking, blue till, markedly 
in contrast with the partially cemented brown and gray tills which 
underlie it, and extend southward into the outlving districts. It 
has long been recognized by well-drillers as a sheet ver\' distinct 
from the underlying tills. From the Shelbyville moraine a sheet 
of soft blue till, similar to that in tlie moraine, is found beneath 
plains, as well as moraines northward over much of Northeastern 
Illinois. Tliere appears to be but little difference in the structure 
of drift in the morainic ridges from that in plane-surfaced tracts. 

Chafnpaifrn Morainic System. — The Champaign morainic 
system, though far less bulky, is fully as complex as the Shelbvville 
system. It consists of several more or less distinct members sep- 
arated by plains, the latter ranging in width from a mile or less up 
to three and even five miles. It is exposed to view only in Eastern 
Illinois, being combined with or overridden by the Bloomington 
system from the vicinity of Bloomington westward. It is poorlv 
developed in Indiana, though small ridges arc traceable across 
Vermillion, Parke and Fountain Counties to Montgomer>' County, 
Indiana, wliere they are overridden by a morainic system of tlic 
Late Wisconsin stage. The complexity of the system and tlie dis- 
tribution of its several members mav be seen bv reference to the 
accompanying map (Plate 2). 
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Where best developed the members of this morainic system 
have a relief of fifty to seventy-five feet above plains on the outer 
■border, but, like the Shelbyville system, the relief is less pro- 
nounced on the inner border. In Indiana the belts have less relief, 
seldom more than thirty or forty feet. Where best developed, the 
members of this morainic system are one to two miles in width. 
The surface is usually strongly undulating, a feature which dis- 
tinguishes the moraines from the bordering nearly level plains. 
The surface expression is on the \Vhole stronger than in the Shelby- 
ville moraine. 

In structure this morainic system does not differ markedly 
from the Shelbyville system. The ridges are composed mainly 
of a soft till. The soft till extends to a level somewhat lower 
than the base of the ridges, a feature which is thought to indicate 
that the Shelbyville drift is here present in considerable thickness. 
Beneath the soft till of the Shelbyville drift a black soil is found, 
which forms the surface of a drift older than the Shelbyville, pre- 
sumably the lUinoian drift sheet. 

Blootnington Morainic System. — This is a more prominent 
morainic system than the Champaign. It is traceable from West- 
em Indiana westward across Central Illinois in a somewhat indi- 
rect course (w^ith a re-entrant angle near Gibson City) nearly to 
the Illinois Valley. Whether this system crosses the Illinois just 
above Peoria and becomes combined with an earlier system, or has 
its continuation in certain local developments of morainic topog- 
raphy along the east side of the Illinois, northward to the bend 
near Hennepin, is not fully determined. It is thought that the 
moraine leading from the bend of the river north eastw^ard and 
passing near Mendota and DeKalb belongs to this system. At the 
east this system is overridden by a later moraine in Benton and 
Warren Counties, Indiana. 

The portion east from the Illinois River has, in places, three, 
and elsewhere two well-defined members separated from each 
other by narrow plains. The outer member of the system has 
generally a relief of 75 to loo feet above plain tracts south of it, 
thus approaching in strength the Shelbyville system. 

In structure the drift of this morainic system closely re- 
sembles that of the two systems outside of it, being chiefly a soft 
blue till. It rests upon a soft till, which is thought to be the 
northward extension of the Shelbyville sheet. This in turn is 
underlain by a hard till, probably of the Illinoian stage. 

The topography is of a swell and sag type, rather more pro- 
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nouncccl than in either of the earHer systems of the ICarly Wiscon- 
sin sta^e. The unchilations not infrequently extend ])ack for 
several miles on the inner border of the morainic system and fade 
away gradually into characteristic till plain topoj^rapliy. 

Marseilles Morainic System. — The Marseilles morainic sys- 
tem consists of a bulky ridge, usually with a single crest, but in 
places double, which encircles the basin at the head (;f the Illinois 
River, known as the Morris basin. I^'rom the north border of 
the basin it extends northward along the east side of 1^'ox River 
to the vicinity of Elgin, beyond whicli it has not been separated 
from the moraines of the Late Wisconsin stage. At its southeast- 
ern end, also, tJiis moraine is concealed by a moraine of the Late 
Wisconsin stage. 

Aside from the main belt, called the Marseilles, there is a 
small moraine, the Min<x>ka, which separates from the Marseilles 
moraine near Oswego, 111., and passes southward into the basin 
at the head of the Illinois. It has not been recognized south of 
that stream. This moraine probal)ly followed closely the Mar- 
seilles moraine in its deposition, and is accordingly included in 
the Marseilles system. 

The Marseilles moraine stands 50 to 100 feet above the plain 
on its outer border and even higher above the basin on its inner 
border. Its inner border relief is nuich more marked than that of 
any of the morainic systems yet discussed. This is due largely to 
the thinness of the drift deposits on the inner border, there being 
a nuich smaller amount of drift there t^ian on the inner border of 
the other morainic svstems. 

The surface expression of this moraine is very similar to that 
of the Bloomington system, the topography being of a sharplv 
undulating swell and sag type. The Minooka moraine is nuich 
smoother surfaced than the Marseilles and has a relief scarcelv 
lialf as great. 

The stnicture of the drift, both in the Marseilles and the 
Minooka moraine, is similar to that in the other morainic svstems, 
being chielly a soft blue till. 

FIFTH INTERVAL SHOWN BY HHIFTINd OF ICE LOltES. 

l^ie evidence for this interval is based largely on the change 
of front or shifting in the position of the ice lobe which inva<le(l 
Xortheasteni Illinois and districts to the north and east. It is 
best shown in Western Indiana, where the moraines of the later 
stage cross those of the earHer one at a high angle. It is thought 
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that this chang^e of front could not have taken place in a brief time. 
In connection with this change of front there appears a re- 
markable increase in the number of surface bowlders, a feature 
which may prove to have great significance. The causes for vari- 
ations in the number of surface l>owlders are so little understood 
as yet that we scarcely are warranted even in conjecturing the im- 
port of such bowlder belts. They may signify a great recession 
of the ice sheet, followed by a fresh advance across the Canadian 
highlands, by which a new supply of bowlders was gathered up* 
and brought down to the extreme limit reached by that advance. 
Such bowlders in some cases, as recently suggested by Mr. F. B. 
Taylor (i) may be derived from accumulations in interglacial val- 
leys. This suggestion, however, can scarcely apply to bowlder 
belts of such length as are displayed in Western Indiana and East- 
ern Illinois. 

LATE WISCONSIN DKIFT SHEETS. 

The moraines of the Late Wisconsin series contain generally 
a larger amount of assorted material with the till than is found'in 
the moraines and accompanying till sheets of the Early Wisconsin 
series. The topography also is more closely allied to the knob 
and basin type than to the gently undulating broad ridged type 
of the Early Wisconsin series. 

Some attention has been given the subject of comparative 
amounts of surface leaching ami erosion on the Marseilles mo- 
raine and the moraines of the Late Wisconsin series, but no strik- 
ing contrast has been observed. A more refined investigation, 
however, may bring to light essential differences. 

Great Bowlder Beits and Accompanying Moraines, — The 
bowlder belts of Northeastern Illinois and Western Indiana have 
attracted attention from the earliest days of exploration, as have 
also their continuation in Central and Eastern Indiana and West- 
ern Ohio. In the early explorations they were observed only as 
detached belts, but their connections are now well established. 
Occurring, as the bowlders usually do, in narrow^ well-defined 
l>elts, they are readily traced from section to section, even where 
unaccompanied by peculiar topographic features. Throughout 
much of their course in Ohio and Imliana these bowlder belts are 
simply an accompaniment of well-defined belts of morainic drift. 
But in Western Indiana and Northeastern Illinois the bowlder 

[1] In li puiM^r proftonttjii at the Washington meeUng of the Geological Sooit'ty 
of Amt'rii'a. D(.>oembtir, 18U6. • 
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belts often cross smooth plains having only occasional develop- 
ments of morainic topography. 

The moraines which these bowlder belts accompany are usu- 
ally a strong phase of the swell and sag type bordering on the 
knob and basin type. They are moraines which in their north- 
ward continuation in Eastern Wisconsin assume a pronounced 
knob and basin type. 

In northern Kane and McHenry Counties there ai*c bulky mo- 
raines with strong expressioai, which do not iiave definite soutii- 
ward continuation, unless it be in the bowlder belts. It is not cer- 
tain whether they are to be correlated with the much feebler, 
bowlder strewn moraines of Eastern Illinois and Western In- 
diana, with which the bowlder belts give them a possible con- 
nection. They may prove to belong to tlie Early Wisconsin series. 
In that case they were overridden without beinj:^ obscured by 
the very bowldery drift sheet. 

Valparaiso Morainic System — This system consists of a more 
or less complex belt, which sweeps around the head of Lake 
Michigan, passing flirough the western and southern part of the 
Chicago Area. It receives its name from the city of Valparaiso, 
Ind., situated on its crest. As it is fully discussed on subsequent 
pages, further description at this point is unnecessary. 

Lake Border Morainic System — This system embraces a se- 
ries of till ridges well displayed along both the western and eastern 
borders of Lake Michigan. Those in Lake and Cook Counties, 
Illinois, are discussed in detail in this paper. Similar ridges appear 
in Porter and Laporte Counties, Indiana, and in the western 
counties of Michigan as far north as investigations have been 
carried (to the mouth of Kalamazoo River). 

THE liAKE BEACHES. 

Upon the retreat of the ice sheet from the head of Lake 
Michigan a body of water collected in the southern end of the basin 
and discharged southwestward by the **Chicago outlet*' to the 
Desplaines River. This period of discharge appears to have been 
followed by a period in which the water level was too low to dis- 
charge in that direction. There then succeeded another period of 
discharge through the southwestw^ard outlet. This period of 
discharge was followed by the present lake stage with northward 
outlet. As this complicated lake history is discussed in some de- 
tail farther on, it is left here with this passing word. 
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GENERAL PHYSIOGRAPHIC FEATURES OF THE 

CHICAGO AREA. 

The principal physiographic features of the Chicago Area 
were produced by the ice sheet, the rock surface being generally 
covered to a great depth by tlie drift. The variations in altitude 
which the region presents are produced by inequalities of drift 
accumulations rather than bv the underlving rock, the elevation 
of the rock surface being but little, if any, higher in the bigfhest 
parts of the area than it is in the lowest. 

The most conspicuous physiographic features are the lake 
plain, the lake outlet, and the Valparaiso moraine. Less conspic- 
uous features are found in tlie Lake Border Morainic System of 
northern Cook and eastern Lake Counties. Tliese are each dis- 
cussed in some detail farther on, but a brief outline of their features 
may be of service at this point. 

The lake plain has its most extensive development in Chi- 
cago, and its immediate borders as far north as Winnctka. It 
extends back some twelve to fifteen miles from the lake, with a 
general soutliward and westward rise, the elevation averaging 
about ten feet at the border of Lake Michigan and about fifty 
feet at the upper beach. This plain is continued into Indiana, but 
is greatlv concealed by dunes. North from Waukegan there is 
a narrow plain bordering the lake, whose elevation is but twelve 
to thirtY feet above the present lake level. 

The portion of the shore of Lake Michigan between Win- 
nctka and Waukegan is occupied by one of the ridges of the Lake 
Border morainic system, and the erosion of this ridge by the lake 
gives the high banks which are present in that section. Between 
this ridge and the Desplaines River there are a series of till ridges 
separated by narrow plains. Tlie ridges rise to a heig-ht of lOO to 

Explanation of Glacial Map of Chicago and Vicinity. — On 
this map an attempt is made to give a bird*s-cye view of the area 
by means of broken profiles. The moraines appear with undulat- 
ing contour, the plains with straight lines, the beaches witli abrupt, 
ftep-like descent of the plain. Striae are indicated bv arrows and 
represent bearings accurately. Some confusion of dunes with 
moraines may arise if it is not borne in mind that the belt of ridges 
bordering Lake Michigan in Lake County. Indiana, consists of 
sand dunes. The dunes are found for eight to twelve miles south 
from the lake in that county. The bars in Cook County, Illinois, 
also are to be distinguished from the moraines. Tliey are much 
lower and narrower ridges, as shown in the discussion. 
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125 feet above the lake and the plains from 60 to 90 feet or more. 
The general elevation is, therefore, higher than in the lake plain 
bordering the city of Chicago. 

The district between the T3es Plaines and Vox Rivers in Lake, 
northwestern Cook and Du Page Counties, is largely occupied by 
the \^alparaiso moraine. This moraine is interrupted by Hie 
Chicago outlet in southwestern Cook and northern Will Counties. 
East from this outlet it is developed along the watershed between 
the Kankakee River and Lake Michigan in southern Cook and 
eastern Will Counties and continues thence eastward, swinging 
gradually to the north around the head of Lake Michigan. 

The highest points on the \^alparaiso moraine are found in 
southern Lake and northwestern Cook Counties. One of these, 
just east of the village of Volo, stands 913 feet, and one in the 
northwest section of Cook County stands 910 feet above tide, as 
determined by the Barometric survey under Professor Rolfe. 
Much of the crest of the moraine in the southwestern part of Lake 
County rises above 850 feet. In northwestern Lake County and 
in northwestern Cook County it rises generally above 800 feet 
and a few points exceed 850 feet. In Du Page County the crest 
is generally about 750 feet. In Will County a few points rise above 
800 feet, but the general elevation is not nuich above 750 feet; 
and this elevation is maintained eastward about to Valparaiso, 
Ind., where the moraine rises above 800 feet and continues with 
an elevation of 800 to 900 feet from that point to the borders of 
the St. Joseph River in Michigan. 

From the \^alparaiso moraine there is less descent toward 
the Fox River Valley than toward Lake Michigan, the elevation 
of the immediate border of the valley being 750 to 775 feet in 
Lake County and 700 to 750 feet on the borders of Cook and 
Kane Counties. Rut uj)on approaching the Des Plaines River the 
district outside the moraine becomes about as low- as that along 
the lake, and the innnediate valleys of the Des Plaines and Kan- 
kakee, in Will County, are lower than the lake surface. Farther 
east the district outside the moraine reaches an elevation higher 

than the lake level, the altitude of the Kankakee marsh at the 

_ — . ^ 

Explanation of Profile Sections. — Tlie profile sections given 
in Plate 4 are based upon the railway surveys along six lines radi- 
ating out from Chicago. The distance to rock is shown by a 
series of well borings along each line. In cases where rock is not 
struck the depth of well is indicated. The vertical scale being 
about thirty times the horizontal, the reliefs of the region arc suffi- 
ciently well outlined to be readilv seen. 
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State line being about forty to fifty feet, and its eastern end, near 
South I>en(U fully loo feet higher than the lake. 

The lake outlet trenches the \^alparaiso moraine to a level 
about as low as the surface of Lake Michigan, with a valley nearly 
a mile in average width. 'I'his is the only drainage line crossing 
the \'alparaiso moraine in Illinois and no <lrainage line crosses 
the moraine in Indiana, thougli it is crossed by the St. Ii.»se|)h 
River just north of the huhana line between Xiles and I»errien 
Springs in Michigan. 

Some of the features just discussed are well represented on 
the reduced topographic map accompanying this paper. l>ut 
the large map sheets of the I'nited Statc*s (leological Sur\'cy 
should be consulted for the full representation of characteristic 
features of the plain, the outlet, and the Valparaiso moraine. It 
is to be hoped that tlie map sheets of the entire State, which Pro- 
fessor Rolfe has prepared, may soon be published, since they 
bring out clearly the main physiograpliic features. 
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TIIK VALPARAISO MORAINE IX ILLINOIS. 

THE MOKAINE. 

Distribution. — At the Illinois and Wisconsin line and for 
some thirty miles southward the Valparaiso moraine is so closely 
associated in its outer or west border with earlier moraines that 
that border is not clearly outlined. Just south of Elgin the mo- 
raine first becomes distinct, its course there becoming east of 
south, while the earlier moraines bear west of south. It covers the 
lake* region of western Lake and eastern McHenry Counties, 
its eastern border in Lake County being nearly coincident with 
that of the system of small lakes, and slightly east of the water 
parting between the Fox and Des Plaines Rivers. 

In Cook and Du Page Counties the moraine has a breadtli of 
not less tlian ten miles and in places reaches fifteen miles, its inner 
border being somewhat irregular. In northern DuPage County 
it lies entirely within the limits of the county, but farther south it 
encroaches on western Cook County, the inner border at the 
Des Plaines River being about four miles east of the county line. 
The outer border from Wayne to Turner Junction lies just east 
of the Chicago and Northwestern railroad. South from Turner 
Junction the West Du Page River follows the border. In south- 
em Du Page County there is a separation into rudely parallel 
ridges between which are lowlands, which are utilized by the 
southward flowing streams, East Du Page River and Salt 
Creek. Near the south part of Du Page County the East Du 
Page is forced to turn westward into the West Du Page, for the 
ridges which are separate in Du Page County coalesce in north- 
ern Will County. Salt Creek has, in its lower course, left its old 
valley and cut a new one eastward through Proviso Township, 
Cook County, to the Des Plaines. The old valley passes south- 
ward through the western part of Lyons Township, almost in line 
with the upper portion of Salt Creek Valley, crossing the Chicago. 
Burlington and Quincy Railway west of Western Springs, and 
joining the Des Plaines about seven miles below the present 
mouth of the creek. 

Through Will and southern Cook Counties the moraine ha<i 
a southeasterly course. Its inner border is nearly parallel with 
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the shore of Lake Michigan and distant from it about twelve 
miles. The Des Plaines River enters this moraine near Mt. Forest 
and the other lake outlet, known as "the Sag," enters it about five 
miles east of Sag Bridge. Between Mt. Forest and the Sag out- 
let the moraine covers an island situated between the outlets of 
Lake Chicago. The main part of the moraine crosses the Des 
Plaines between Lemont and Joliet and thence, continuing south 
of east, its crest passes near Frankfort and Monee and enters Indi- 
ana from southeastern Will County. There is a somewhat distinct 
outer belt following the divide between the Des Plaines and Du 
Page southward past Joliet and crossing the Des Plaines three to 
five miles below that city. This belt, cast from the Des Plaines, is 
in places distinct from the main belt, but scarcely merits a separ- 
ate name, since it is so generally united with that belt. Where 
distinct it- is about two miles in width. Throughout much of the 
interval between the Des Plaines and the Indiana line this outer 
belt is nearly parallel with the Kankakee River and distant from it 
about ten miles. Near the Indiana line its border approaches the 
Kankakee and in Indiana follows closely the north side of the 
marsh drained by the Kankakee. 

Relief. — ^The crest of the Valparaiso moraine is much higher, 
than its outer and inner borders, but the moraine has such broad 
slopes that it has not a bold relief on either face. The following 
table of elevations is taken from the profiles of several of the rail- 
ways which cross the moraine. 

TABLE OF ELEVATIONS ON VALPARAISO MORAINE. 

Railroad. Inner Border. Crest. Outer Border. 

E. J. & E., in Lake County 720 feet. 880 feet. 770 feet. 

Wisconsin Central 683 *' 823 *' 778 •* 

C. M. & St. P 646 • 812 •• 768 " 

C. & N. W. (Wis. div.; 650 " 867 " 772 " 

C. & N. W. (Omaha div.) 641 " 760 " 750 • 

C, B. & Q 646 ■ 763 * 700 • 

Wabash 665 " 712 " 680 " (i) 

C, R. I. &r 630 •• 725 '* 680 •' (i) 

111. Central 650 " 806 " 710 " 

C. & E. 1 632 •* 777 " 713 • 

(i) Outer border of main ridge. 

All of the above lines cross the highest part of the moraine 
in their respective latitudes, except the Wabasfh, Chicago, Rock 
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Island and Pacific, and the Omaha division of the Chicaj^fo and 
Xorthwestern. These lines cross low points in ilic crest, twentv- 
five to fifty feet lower than the general altitude of neig^lihorinj;^ 
portions. The highest parts of the crest in Illinois, as note<l ai)ove, 
are in northwestern Cook and south western Lake Counties, and 
stand about 900 feet above tide. 

Surface Contours. — 'Hie X'alparaiso morainic system pre- 
sents notable variations in surface contour, even in the short sec- 
tion tiiat Hes within the State of Illinois. At the north, in Lake 
County, there are nimierous basins occupying an area ranging 
from a few acres up to several s<|uare miles each, and containing 
lakes or marshes. They are scattered over the slopes of the mo- 
raine, indenting its surface to depths of twenty-five to fifty feet 
or more. Basins become rare upon passing s»juthward into Cook 
County and the moraine is comj)aratively free from them through- 
out the remainder of its course in lUinois. The few which occur 
are very small and shallow. These basins, with their lakelets, add 
greatly to the beauty of the scenery of Lake County, furnishing 
attractive sites for summer resirU-nces and for camping grounds. 
Among the lakes there are knolls and irregular ridges, with gentle 
slope, ranging in height from ten feet or less up to alxnu fifty 
feet. The moraine has also a well-defined crest line in a ridge 
twenty to forty feet higher than tlie border tracts and a nu'le or 
less in width, which leads southward, with a somewhat winding 
course, through the western part of Lake County, forming the 
water parting between 1 "ox and 1 )es IMaines Rivers. 

Passing south into Cor)k County the crest line continues as 
definite as in Lake County. To the east of the crest line there 
are only gentle swells seldom more than liiteen feet in lieiglit and 
a rapid descent to the i)lain bordering the Des IMaines. To ilie 
west of the crest line there is an irregular network <jf ridge^ and 
knolls, inclosing winding sloughs. The height of tliese knolls and 
ridges ranges from ten or fifteen feet up to fully fifty feet. Con- 
tinuing south across Du Page County the ridges tend to a paral- 
lelism with the crest and the sloughs become less conspicuon.s. 
This topography also characterizes the portion of the moraine in 
Will County. In the latter county the tendency to a parallel ar- 
rangement of the ridges and of chains (^f knolls is very marked. 
'i'hroughout the course^ in \h\ Page and Will Counties the inner 
slope has a milder expression than the crest or outer slope, though 
the contra.st is scarcely so striking as in Cook County. 

The outlying belt in Will County carries low knolls twentx 
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feet or less in height. There is not so well-defined ridging as in 
the main belt. Though the undulation is not sharp, it is sufficient 
to give this belt a strong contrast to the very smooth till plain 
which bor<lers it on the south. The contrast with the till plain on 
the north is not so striking, for that plain is dotted with low- swells 
ten feet or more in height. 

Thickness of the Drift. — Situated as the V^alparaiso moraine 
is in a district over which there have probably been several suc- 
cessive ice advances with intervening recessions, the drift can 
scarcely be expected to belong solely to the advance which formed 

• 

this moraine. Jt is known that remnants of the partially ce- 
mented sheets of the oldest stages of glaciation are present. 
There is probably present also a considerable amount of drift of 
the Early Wisconsin stage. The drift of the Early Wisconsin 
stage is so similar to that of tlie Valparaiso moraine that it is 
doubtful if it can be readily distinguished from it. There does 
not appear to be a well-defined soil horizon at the base of the Val- 
paraiso sheet to mark the line of junction such as occurs under 
wide areas at the base of the Early Wisconsin drift. Tlie thick- 
ness of the V'alparaiso drift sheet can perhaps be best estimated 
by the relief, for it can scarcely be assumed to exceed greatly the 
measure of the outer border relief of the moraine. The relief on 
that border is estimated to average about sixty-five feet. The 
average thickness is probal-jly even less than the relief, since the 
sheet is markedlv thinner on the borders of the moraine than on its 
crest. 

The combined thickness of the several sheets of drift here rep- 
resented is also difficult to determine from the fact that the under- 
lying rock surface is very uneven. In Cook County alone the rock 
surface is known to range from about lOO feet above the level 
of Lake Michigan to more than lOO feet below the surface of the 
lake. In the table of thickness of drift which follows, the older 
deposits as well as tliose of the \'alparaiso moraine are included. 
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List of deep borings along the Valparaiso Moraine in Lake, Cook, 
Du Page and Will Counties . 

Thickness Aiiproxlmiito 

Drift al.f.ve TUU;. 

1. At Ivanhoe, on crest 290 feet hOO feet 

a. Near Lake Zurich, on croBt 267+ *« i»oi) ** 

3. At Lake Zurich, 20 to 30 feet below crest 240+ ** 8H0 *• 

4. Hainesville, near crest 287+ ** 880 *• 

5. Gilmer, near crest 213+ ** «20 •• 

6. Crest, east of Wauconda 230+ ** 850 *• 

7. Crest, south of Harrington 3i5_j. ,« ^^^^ ^^ 

8. Harrington, 40 to 45 feet below crest 254 *» 818 - 

9. East of Elgin, near crest 220-240 •. hoO .. 

10. Palatine and vicinity 100-170+ - 7.00 *. 

11. Near Schaumberg, along crest 190+ .. ^25 - 

12. Arlington Heights, about 150 feet below 

crest 128 *• 700 «» 

13. North of Arlington Heights, 20 to 30 feet 

above station 190 .. ^.^g ^^ 

14. Near Spaulding, about 50 feet below crest 120 •• 770 - 

15. Bartlett, 10 to 20 feet below crest 100+ .. „^^ ^^ 

16. Ontarioville, near crest- ••• 14q^ .. ^^. 

17. RoseUe, about 50 feet below crest iqo 4 - 770 ,. 

18. Crest south of Bloomingdale jg.^ ^^'^^^ ^ 

19. Itasca 72 4 • oyo «. 

20. Bensenville 97 .. ^77 ,, 

21. Elmhurst 98 g^y .. 

22. Elmhurst Quarry Trace gg,, .. 

23. Turner Junction 116 .. y^^^ ^^ 

24. Quarries near Naperville Irace ^^^^ .. 

25. Crest east of Naperville 115+ .. ^^^ ^ 

26. Downers Grove 113+ .. „,y^^ ^ 

27. Crest east of Downers Grove 159 . . ^^^ * 

28. Near Clarendon Hills 160+ .. ^^^ [' 

29 Crest northwest of Lemont 150 

30.' Crest of moraine east of Lockport 115+ .. ^^|. ' 

31. Near Spencer ^1 • 7^^ ^^ 

32. Crest near Frankfort ....... • 135+ .. ^^^ 

33. Hickory Creek, near Frankfort Trace .^^^ 

34. Sec. 13, Tp. 36, B. XII E - ^^^^ 

35. Monee, on crest J " ^^^ 
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Crest near Goodenow [,,...,, m^ 

37. Beecher ••'• -^ , ** 720 .; 

38. sec. 11. Tp. 34. B. XIV E 106+ .. ^^^^^ 

39. Chicago Heights ... •■•■^^ g^jg^^tg .... Trace " *"'» " 

40. Quarry 1 Mi. east of Chicago n b e g^. 
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Structure. — The drift of the Valparaiso sheet, together with 
that of the Early Wisconsin, which underlies it, consists mainly 
of a soft blue till, easily penetrated by tlie spade or auger. With 
the till there are local deposits of sand or gravel, which collect the 
water that supplies wells. There are also a few places in which 
the deposits of sand and gravel occupy nearly the entire drift 
section. In following the moraine through Northeastern Illinois 
there will be found occasional townships in w^hich the till, which 
is a poor source for water because of its compact matrix, is not ac- 
companied by a sufficient amount of sand or gravel to furnish water 
for strong wells, while in adjoining townships no diflPiculty may 
be experienced in obtaining water. It is more often found neces- 
sary to drill wells to great depths in eastern and northern Du 
Page, northw^estem Cook and southern Lake Counties than else- 
where along the moraine in Illinois, many wells in that district 
being more than 150 feet in depth. In southern Du Page County, 
between the east and west branches of Du Page River, the drift 
to a depth of fifty to sixty feet or more Tthe depth reached by the 
deep wells) is .mainly sand and gravel, this being an unusually 
gravelly part of the moraine. In Will County wells seldom reach 
a depth of 100 feet because of the abundance of water-bearing sand 
or gravel at less depth. 

In collecting well records there is, I find upon examining my 
notes, a larger proportion showang exceptional than normal con- 
ditions, it being natural to pass over the usual section after it is 
once noted without collecting further records. This should be 
borne in mind when examining the specific well records given 
below. Scores of wells were found w^hich show^ a section about as 
follows: At surface ten to twelve feet of pebbly yellow till, be- 
neath w^hidh is a soft blue till extending to the water bed of sand 
or gravel at depths ranging from twenty-five feet to 150 feet or 
more. If a w^ell is carried to a depth much beyond 150 feet it is 
usual to pass out of the blue till into a hard brown till, unless rock 
is reached. This hard till presumably belongs to one of the ear- 
liest invasions of the ice. In a few cases great depths of sand 
have been found beneath the blue till, as noted below. Tlie sec- 
tions of wells here given include the deepest which came to my 
notice. 
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S. ]. Lewis, a well driller, of Elgin. 111., reports a well al)oiit 
one mile east of Lake Zuricli, in Lake County (in Sec. 20, T. 43 
X., R. 10 E.), which has the followinj^ section: 

1. Yellow, pebbly clay 12 feet 

2. Grayish-blue, pebbly clay H8 

3. Fine, gray sand n)7 

Depth 2<)7 feet 

Altitade of well month about 900 feet A. T. 

Mr. Lewis reports three wells near Lake Zurich which ob- 
tain water in gravel beneath the blue till at 138, 140 and 150 feet, 
respectively. Near Haines ville, in Sec. 28, T. 45 X., R. 10 E., he 
reports a boring to have reached the bottom of the blue till at 120 
feet. Below this till is sand for a depth of 167 feet. Tlie sand 
vielded an abunflance of water, but was too fine to be screene*! bv 
the strainer and no well could be obtained. Xear Gilmer, in Sec. 
3, T. 43, R. 10 E., Mr. Lewis made a well which penetrates stony 
clays 120 feet and sand 93 feet, obtaining water in coarse sand at 
a depth of 213 feet. For a mile or more east of Gilmer wells are 
obtained in gravel beneath blue till at a depth of 75 to 100 feet, but 
occasionallv the blue till extends to a depth of 160 feet. In Bar- 
rington Township, Cook County, T. 42 X'^., R. 9 E., wells usually 
penetrate soft blue till to a depth of 100 to 140 feet and occasion- 
ally 200 feet before reaching a water bearing gravel or a harder 
till'. 

Mr. W. Spumer, of Lake Zurich, who has had some experi- 
ence in boring- tubular wells, furnished the followin^^: section of his 
own well near Lake Zurich, in Sec. 17, T. 43, R. 9 E. : 

1. Yellow, pebbly clay 10 feet 

2. Grayish-blue, pebbly clay, about 130 '* 

3. Sand. i«nd blue. i>cbbly tlay in alternate layers of various 

thicknesses 60 '* 

4. Sand, becoming coarse and gravelly at bottom 43 *' 

Depth 240 feet 

Mr. Spumer reports that a boring at Tvanhoe, Sec. 22, T. 44, 
R. 9 E., strikes rock at 290 feet. A well three miles southeast of 
Wauconda, on the Fletcher Estate, Sec. 32, T. 44, R. 10 E., is 
reported by Mr. Spumer to have the follow^ing section : 
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1. Yellow, pebbly clay • • 12 feet 

2. Gravel 2-3 ** 

3. Blue, pebbly clay, with sand pockets 100 

4. Sand and reddish, pebbly clay, in alternate layers, each 10 — 15 

feet • 107 *' 

5. Whitish, sandy clay • • 4 

6. Sand and gravel 3 " 

Depth 230 feet 

Mr. Spunier estimates the depth of the blue till along the 
divide between the Fox and Des IMaines Rivers in southern Lake 
County to be 125 to 150 feet and wells occasionally obtain water 
in gravel immediately beneath this till. 

Mr. William McWendle, a well borer at Oak Glen, reports 
two wells at Barrington that strike rock at 254 and 250 feet, re- 
spectively. To a depth of about 160 feet in each well the drift is 
mainly a soft blue till. Ci)nsi(ierable cobble was encountered at 
this depth. Below the col)ble is a lighter colored clay harder and 
more pebbly than the blue clay and apparently belonging to an 
older drift s'heet. 

Mr. A. \V. \'an Dervolgan, of Batavia, reports the following 
section of a boring on the crest of the moraine south of Barring- 
ton, in Sec. 22, B>arringtown Townshij), wliich is the thickest sec- 
tion of drift yet noted in the Chicago Area: 

1. Yellow and blue, pebbly clays, about 160 feet 

2. Quicksand, about • ■ 15 

3. Reddish, pebbly clay, hard and dry. about 140 *' 

Depth 315 feet 

The well was abandoned without reaching the bottom of 
the drift and a second l)onng was made only ^\q rods distant 
from it, which furnis'lies a good supply of water at 170 feet. 

Mr. M. Sneible, of Palatine, has found in his experience as a 
well borer that the yellow surface clays in the vicinity of that vil- 
lage vary in depth from six to fifteen feet and t'hat tlie blue bowkler 
clay is 100 to 125 feet in depth. He usually finds sand or gravel 
beneath the blue clav and here obtains the wells, but occasionallv 
a thin be<l of cemented gravel is penetrated or limestone is en- 
tered just below the blue clay before obtaining a well. In sev- 
eral instances he has reached tlie bottom of the drift at 150 to 165 
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feet and in one place, near Palatine, at loo feet. But it sliouUl 
be borne in mind that the surface elevation in the vicinitv of Pala- 
tine is at least loo feet below the crest of the ri<lge in P>arring^on 
Township. Mr. Sneible has found l)uried soil Inu once, 'lliis 
was near Arlington Heights, beneath blue bowlder day. at a 
depth of seventy feet. The soil was underlain by a pebbly clay. 
It contained l)its of wood and was of an offensive odor. 

Mr. R. Ryan, of r>l(^)niingdale, in an extensive experience 
as a well borer, has foun<l a buried soil but a few times. He recol- 
lects its dei)th in but one instance, in a well in the northwestern 
part of Schauni])erg Township. It occurs at 135 to I3<) feet below 
the surface. It is of a brownish black color and has an offensive 
odor. It is overlain bv blue b(.>wl(ler clav and underlain bv 
(|uicksand. }^Ir. Ryan anrl also other well borers have found 
wood and peaty deposits imbedded at slight depth beneath ponds. 
They are covered by swamp muck and pebbleless clays ami 
have ])robably been buried in postglacial times. Mr. Ryan re- 
])orts the soft blue till to have a depth of 100 to 140 feet in the 
vicinity of nicKinn'ngdale, Schaund)erg and W'heaton. 

Mr. Diebold, a well borer at Downers Grove, rejxjrts a depth 
of 100 to IIS feet of blue bowlder clav in the vicinitv of Downers 
Grove, Clarendon Hills and Hinsdale. Mr. Diebold furnished 
the following section of a well at a brick yard on the cresi of the 
moraine three miles east of Downers Grove: 

1. Yellow clay (pebbly) 7 to 8 foot 

2. Grayish-bluc, pebbly clay • 112 ** 

3. Fine, blue sand • • 30 *' 

4. Limestone 40 ** 

Depth of drift. 1 59 foct 

Mr. Diebold has frecjuently found a blue sand beneath the 
blue bowlder clay in that vicinity, and if this is not present there 
is usually white sand or gravel beneath the blue clay and overly- 
ing the rock. 

Borings near East Du Page River strike rock at 1(.k) feet or 
less, and the sand and gravel which underlie tlie blue clay are 
but a few feet in depth. 

The structure of the drift along the bluffs of the Des Plaines 
is well exposed at several points between Lemont and Joliet. 
There appears to be much more sand and gravel than is shown l)y 
well sections on the uplands. There is, however, considerable 
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till exposed in the east bluff. Just below Lemont a blue till rests 
immediately on the limestone, but frequently in that locality there 
is sand or gravel at the base of the drift. In the west bluff, oppo- 
site Lemont, there are large accumulations of sand, gravel and 
cobble, in portions of which bowlders and bowldcrets are im- 
bedded, while in other portions assorting is quite perfect. There 
are also places where a very fine, partially cemented, sand, almost 
as fine as loess, caps the deposit. 

In the portion of the moraine east of the Des Plaines River 
the yellow clay has a depth of about ten feet. It is underlain by 
a grayish-blue bowlder clay, which carries a sufficient number 
of water-bearing veins to furnish abundance of water for wells. 
There is less difficulty experienced in getting good wells at slight 
depth here than in the portion of the moraine west of the Des 
Plaines River. There are very few tubular wells and these seldom 
exceed seventy-five feet in depth, while the majority of those along 
the crest of the moraine have a depth of but forty to sixty-five 
feet. Consequently there is a less complete knowledge of the 
deeper structure of the drift than on the portion west of the Des 
l*laines River. The following p'present the deepest wells of which 
sections were obtained: 

At Beecher Station a well 106 feet in depth is principally 
in blue bowlder clay and obtains water in a gravel at the depth 
mentioned. 

On the crest of the moraine at C. L. Pease's residence, one 
mile north of Goodenow, a well 112 feet in depth is in blue 
bowlder clay to the water-bearing gravel at bottom. 

J. O. Piepenbrink, Section 11, Crete Tow-ns-hip, has a well 
106 feet in depth, wliicli has the following section: 

1. Yellow, pebbly clay, of reddish cast 20 feet 

2. Grayish-blue, pebbly clay 85 ** 

3. Coarse sand i ** 

Depth 106 feet 

Mr. Piepenbrink finds the blue clay less pebbly than the 
yellow clav and the blue clay varies greatly in hardness in differ- 
ent wells on his farm and also varies at different depths in tlie 
same well. 

In tlie village of Crete nearly all the wells enter sand at slight 
depth, and cellars are freciuently drained by boring a few feet in 
their bottoms to a dry sand, which absorbs their water. The 
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followiiijr section of a well in Sec. 8, Crete Townsliip, is represent- 
ative: 

1. Yellow, pebbly clay • • »5 f<^et 

2. Blue, pebbly clay ^ 

3. Dry sand •■ • • 

4. Quicksand and water • . . . • • '7 

Depth • 52 feet 

In some wells the sand lies within ten feet of the surface and 
has no blue clay above it. 

The following sections of well boring^s near Spencer will il- 
lustrate the structure and show the g^eneral fliickness of drift in 
that locahtv: 

Section of well at elevator in Spencer — 

1. Yellow, pebbly clay 12 to 15 feet 

2. Blue, pebbly clay, hard and dry 50 

3. Cemented sand 3 to 4 

4. Quicksand :• • • 5 to 6 

5. Limestone at 75 feet (i) 

Section of well two miles south of Spencer — 
r. Yellow, pebbly clay • 8 feet 

2. Sand and gravel • • 14 

3. Blue, pebbly clay, hard and dry 60 

4. Limestone at 82 feet • • • • 

Carbonic acid gas has been encountered (juite frequently 
in wells along this moraine. It is usually found in dry cavities 
in the blue clay and is struck at various depths. 

In the outlying belt in Will County, from the Des IMaines 
River southeastward, the thickness of the drift is much less than 
in the main belt, being as a rule between forty and seventy-five 
feet. Tliere is usuallv at surface ten to twentv feet of vellow till. 
Beneath this is occasionally found a bed of sand or gravel of 
slight depth, but usually blue till immediately underlies the yel- 
low. In the blue till beds of blue quicksand are often struck. 
These beds are, in this district, sometimes ten feet or more in 
depth, and offer great obstniction to well-digging or boring. 
Such quicksand is not uncommon in other districts in Northeast- 
ern Illinois. Wells are seldom obtained in it, though it is full of 
in It is thought that rook was struck at the bottom of the well. 
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water, for the reason that the sand clogs the strainer of the pump. 
It is also difficult to case or wall a bored or dug well in this ma- 
terial, it being necessary to sink the wall or casing to the bottom 
of the sand. Many wells arc carrieil through this sand and a few 
feet of the underlying blue clay to a gravel bed or in some instances 
into underlying Hmestone. 

FLOWING WELLU (1). 

Palatine Flowing Well District. — In the vicinity of Palatine, 
in northern C(X)k County, t*here is a small district having a radius 
of about two miles from the village of Palatine as a center, where 
flowing wells are obtained. In 1887 there were eight of these wells 
in the village of Palatine, and at least twenty-five in the town- 
ship. The writer has obtained no later information concerning 
this district. The depth of the wells ranges from 70 to 170 feet, 
the majority of them being from 125 to 170 feet in depth. Occa- 
sionallv a well has struck two or more veins from which water 
will flow, though usually there is but one vein. The water rises 
in the village of Palatine from the three strongest wells about ten 
feet above the level of the track at the depot. These wells do not 
obtain water from exactly the same depth, but are among the deep- 
est wells in the village. The head is lower in the shallow wells, 
water rising in some cases only about five feet above the level 
of the railway station. Jt was not determined to what height water 
rises in wells outside the village compared with those in the village, 
since they are scattered widely and no levelings have been made 
between the wells. The rate of discharge varies greatly even in the 
village of Palatine. The strongest well, which is at the cheese 
factory, has a discharge of sixty gallons per minute. The other 
wells in the village flow but one to six gallons per minute, and 
the wells at the farm houses outside the village seldom flow more 
than five gallons per minute. The water is slightly chalybeate in 
every well which was examined. The waters vary greatly in 
hardness in the different wells. All the water, however, is so har<l 
that it is necessary to "break'' it before using it for laundry pur- 
poses. 

There are many deep wells in the vicinity of Palatine which 
do not flow, even when the surface level is lower than that at 
the flowing wells. The water supply is apparently from veins 
whose collecting areas vary in altitude, otherwise the water level 
would be more uniform. 

m The8<? flowing wells wero first discussed by mo in the 17th Annual Report 
of the U. S. Geolof^cal Survey. 
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The collecting area is thought to be in the portion of the 
moraine west and north of Palatine. The moraine west of Pala- 
tine attains an altitude of lOO to 120 feet above the station, and 
the crest in Lake County has nearly as great an altitude. Tlie 
superficial drainage is ver}- poor north of Palatine, on the divide 
between Salt Creek and Buffalo Creek, and it is also poor west 
of Palatine, for there is no stream nearer than Fox River to re- 
ceive its waters. Consequently much of the water must evapor- 
ate or find outlet by undergroimd passages. There, seems to be 
a sufficient collecting area and also a sufficient variation in altitude 
to account for the wells and the difference in head. 

Salt' Creek Flowing Well District, — South of Palatine Town- 
ship, along Salt Creek and its tributaries, flowing w-ells are fre- 
quently obtained. They differ but little from springs which occur 
along the creek. There are at least six such wells along a trib- 
utary of Salt Creek in the eastern part of Schaumberg Town- 
ship (T. 41, R. 10 E.), none of which exceed forty-five feet in 
depth. Those along Salt Creek, from Plum Grove, in southern 
Palatine Tow-nship, to the vicinity of Elmhurst, in York Town- 
ship, seldom exceed thirty feet in depth. 

In Itasca there are a few flowing wells along a tributary of 
Salt Creek. Of these the deepest one recorded is but twenty- 
eight feet. The water here will rise not more than three feet above 
the bed of the creek. This level is sixtv-five to sevcntv feet lower 
than tlie level of the flowing wells in Palatine. 

OUTER BORDEB PHENOMENA. 

While the ice sheet was fonning the Valparaiso moraine 
there were streams of water issuing from its outer border and 
escaping down the Des Plaines River. These streams became over- 
burdened wnth material derived from tlie ice an<l in consequence 
built up their beds and valley bottoms to a marked degree. The 
filling reached such a stage that the streams were in some cases 
forced to find outlet across the present interfluvial tract. \'alleys 
were formed by these streams which are now abandoned or occu- 
pied by insignificant brooks (i). 

l^Vom the contour maps -prepared by the I'nited States Geo- 
logical Survey it is possible to ascertain the height to which the 
filling extended along the lower part of the Du Page and the 
Des Plaines and the elevation of these abandoned channels. J^>om 



[1] Perhaps the valleys hero referr«^d to wore partially oponod by subglacial 
streams at the time when the- moraine which they cross was occupied by the 
ice sheet. 
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the Jolict sheet, which includes sections of the Des Plaines and 
lower Du Page Rivers, immediately outside the Valparaiso mo- 
raine, it appears that on the immediate border of the moraine the 
gravel filling reached an altitude approximately 620 feet A. T. 
These gravel deposits arc extensive along the Du Page River be- 
low the junction of the West and East Forks and along the Des 
Plaines River below R<jmeo. Tracing tlicse deposits southward, 
there is a marked descent, the altitude at Plainficld being scarcely 
610 feet, at Grinton 590 feet, at Joliet Mound 580 feet and at 
Channahon 570 feet, a fall of fifty feet in a distance of about 
twentv miles. 

The abandoned vallevs which connect the Des Plaines and 
Du Page Rivers are not of the same elevation. The northermost 
one, occupied by small streams which drain it in opposite direc- 
tions, each of which is known as Isle la Cache Creek, leaves the 
Des Plaines opposite Romeo and passes nearly directly westward 
to the Du Page \'alley just above Plainficld. It has an elevation 
between 600 and 6to feet A. T. It opens out toward the south- 
west into an extensive gravel plain near Plainficld, having the 
same elevation as the channel, which was probably built up in 
part by the current which formed this valley. The valley is about 
one-half mile in* width and is cut to a level forty to fifty feet below 
the bordering uplands. 

A second valley leaves the Des IMaines about two miles south 
from the Isle la Cache and leads southwestward to the Du Page, 
entering that valley below Plainficld. Its elevation is 620 feet, or 
about the elevation of the gravel deposits bordering that portion 
of the Des Plaines X'alley and somewhat higher than the deposits 
on the Du Page. It is not so large as the Isle la Cache and prob- 
ably was earlier abandoned. 

A third valley leaves the Des Plaines about midway between 
Lockport and Joliet ami passes westward into the Du Page Val- 
ley just above Grinton. 1^he elevation of its channel is 570 to 580 
feet or ten to twenty feet below the level of the bordering gravel 
deposit. It is about fifty feet in depth and nearly one-half mile in 
width. The contours of its bluffs indicate the line of a vigorous 
stream. This valley was apparently the last of the three to be 
abandoned. 

The deposits along the Du Page and Des Plaines Rivers con- 
sist in tiie main of coarse gravel and cobble, much of the finer 
material having been swe])t away by the strong current. Excellent 
exposures are to be seen in the gravel pits near Plainficld on the 
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The collecting area is thought to be in the portion of the 
moraine west and north of Palatine. The moraine west of Pala- 
tine attains an altitude of loo to 120 feet above the station, and 
the crest in Lake County has nearly as great an altitude. Tlie 
superficial drainage is very poor north of Palatine, on the divide 
between Salt Creek and lUiffalo Creek, and it is also poor west 
of Palatine, for there is no stream nearer than Fox River to re- 
ceive its w^aters. Consccjuently much of the w-ater must evapor- 
ate or find outlet by underground passages. There, seems to be 
a sufficient collecting area and also a sufficient variation in altitude 
to account for the wells and the difference in head. 

Salt' Creek Flowing Well District, — Soutli of Palatine T(3wn- 
sliip, along Salt Creek and its tributaries, flowing wells are fre- 
quently obtained. They differ but little from si)rings which occur 
along the creek. There are at least six such wells along a trib- 
utary of Salt Creek in tlie eastern part of Schaumberg Town- 
ship (T. 41, R. 10 E.), none of which exceed forty-five feet in 
depth. Those along Salt Creek, from Plum Grove, in southern 
Palatine Township, to the vicinity of Elmhurst. in York Town- 
ship, seldom exceed thirty feet in depth. 

In Itasca there are a few flowing wells along a tributary of 
Salt Creek. Of these the deepest one recorded is but twenty- 
eight feet. The water here will rise not more than three feet above 
the bed of the creek. Tliis level is sixtv-five to sevcntv feet lower 
than t1ie level of the flowing wells in Palatine. 

OUTER BOBDEB PHENOMENA. 

While the ice sheet was forming the Valparaiso moraine 
there were streams of w-ater issuing from its outer border and 
escaping down the Des Plaines River. These streams became over- 
burdened w'ith material derived from the ice an<l in consequence 
built up their beds and valley bottoms to a marked degree. The 
filling reached such a stage that the streams were in some cases 
forced to find outlet across the present interfluvial tract. \'alleys 
were formed by tliese streams which are now abandoned or occu- 
pied by insignificant brooks (i). 

From the contour maps -prepared by the United States Geo- 
logical Survey it is possible to ascertain the height to which the 
filling extended along the lower part of the Du Page and the 
Des Plaines and the elevation of these abandoned channels. J^^Voni 



[1] Perhaps the valleys here referred to were partially opened by siibglaoial 
streams at the time when the- moraine which they cross was occupied by the 
iob sheet. 
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the Joliet sheet, which includes sections of the Des Plaines and 
lower Du Page Rivers, immediately outside the Valparaiso mo- 
raine, it a])pears that on the immediate border of the moraine the 
gravel filling reached an altitude approximately 620 feet A. T. 
These gravel deposits are extensive along the Du Page River be- 
low the junction of the West and East Forks and along the Des 
Plaines River below Romeo. Tracing these deposits southward, 
there is a marked descent, the altitude at Plainfield being scarcely 
610 feet, at Grinton 590 feet, at Joliet Mound 580 feet and at 
Channahon 570 feet, a fall of fifty feet in a distance of about 
twentv miles. 

The abandoned valleys which connect the Des Plaines and 
Du Page Rivers are not of the same elevation. The northermost 
one, occupied by small streams which drain it in opposite direc- 
tions, each of which is known as Isle la Cache Creek, leaves the 
Des Plaines opposite Romeo and passes nearly directly w^estward 
to the Du Page Valley just above Plainfield. It has an elevation 
between 600 and 610 feet A. T. Tt opens out toward the south- 
west into an extensive gravel plain near Plainfield, having the 
same elevation as the channel, which was probably built up in 
part by the current which formed this valley. The valley is about 
one-half mile in* width and is cut to a level fortv to fiftv feet below 
the bordering uplands. 

A second valley leaves the Des Plaines about two miles south 
from the Isle la Cache and leads southwestward to the Du Page, 
entering that valley below Plainfield. Its elevation is 620 feet, or 
about the elevation of the gravel deposits bordering that portion 
of the Des Plaines Willey and somewhat higher than the deposits 
on the Du Page. It is not so large as the Isle la Cache and prob- 
ably was earlier abandoned. 

A third valley leaves the Des IMaines about midway between 
Lockport and Joliet and passes westward into the Du Page Val- 
ley just above Grinton. T\\q elevation of its channel is 570 to 580 
feet or ten to twenty feet below the level of the bordering gravel 
deposit. It is about fifty feel in depth and nearly one-half mile in 
width. The contours of its bluffs indicate the line of a vigorous 
stream. This valley was apparently the last of the tliree to be 
abandoned. 

The deposits along the Du Page and Des Plaines Rivers con- 
sist in the main of coarse gravel and cobble, much of the finer 
material having been swej)t away by the strong current. Excellent 
exposures are to be seen in the gravel pits near Plainfield on the 
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Du Page and in numerous small gravel pits along the bonier of the 
Des Plaines, both above and below Jolict. One of the largest on 
the Des Plaines is found in an island-like remnant of the old 
terrace known as *'J^^^^*t Mound," about two miles below the city 
of Joliet, on the west side of the river. At the southeast end of 
this mound the following section is exposed: 

1. Surface coating of silty clay i to 4 feet 

2. Coarse gravel and cobble 10 to 12 

3. Sandy gravel of medium coarseness, cemented in places. 25 to 30 

4. Fine sand or loam . 4 

5. Blue, pebbleless clay, laminated, calcareous. • 8 to 10 

6. Bowlder bed, containing clay balls and a sandy, clay 

matrix, extending to river level on east side of mound. 

but underlain at slight depth by limestone at west side. 5 to 20 

It is thought that the bowlder belt is a result of interglacial 
erosion of a till sheet. The blue pebbleless clay which overlies it 
is apparently a still water dc])osit formed perha])s before the ice 
sheet had reached such a stage of melting as to produce vigorous 
drainage. The upper member appears to indicate a de])Osit by a 
stream whose vigor was greatest toward the close of deposition, 
for at the top the cobble is swept almost free from sand. The 
change, however, may have been brought aboitt by a shifting of 
the main current of the stream, the coarse material being deposited 
over portions of the bed which had before been outside the main 
current. 

The deposits of gravel along this valley terminate very ab- 
ruptly at the south, near Channahon, there being only a fine satid 
on the plain in the Morris basin at the head of the Illinois. This 
feature is apparently due to the presence of a body of still water 
in the low country about the head of the Illinois River. The 
region is covered by sandy deposits up to a level about 375 feet 
A. T., on the border of which there are in places \vell defined beach 
lines. This lake had a wCvStern outlet through the Marseilles 
moraine down the Illinois. Its beaches are traceable a short dis- 
tance beyond Morris. Further west the body of water became 
narrowed to the w-idth of the Illinois valley and changed to an 
eroding agent. 

It is probable that each of the small tributaries of the Kankakee, 
which head in the Valparaiso moraine, and also eastern tributaries 
of the Des Plaines, were lines for escape of glacial waters, but the 
writer has not examined the vallevs to determine the effect of such 
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waters, excepting the valley of Hickory Creek, which enters the 
Des Plaines at Joliet. This valley has a moraine-headed terrace, 
setting in at the outer border of the moraine in Sec. 17, New 
Lenox Township. It has a gently undulating surface for a mile or 
more out from the border of the moraine; its surface then becomes 
plain. This gravel plain is nearly as high as the bordering till 
plains 620 to 630 feet A. T. and 60 to 70 feet above the present 
stream. 

On the east side of the West Du Page River, from Napcrville 
northward, the gravelly deposits of the moraine graduate into 
terraces or gravelly aprons, which lead down the valley. The low 
gravelly knolls of the moraine disappear in a nearly plane sur- 
faced apron on descending to the border of the river. This gravel 
a])ron is not so extensive as the de]K)sits of the lower Du Page, 
above described, and is now seen only as remnants along the valley 
border. 

The East Du Page throughout its entire length drains a 
broad slough, which separates morainic ridges. Its bottom is said 
to be underlain by deposits of gravel and cobble. 
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LAKK BORDER MORAIXIC SYSTEM. 

THE MORAINES. 

Between the Valparaiso moraine and the shore of Lake 
Michigan there are, in Cook and Lake Counties, a series of nearly 
parallel till ridges. We can perhaps best describe them as the West 
Ridge, Middle Ridge and East Ridge. Though usually distinct, 
the ridges are in places coalesced as described below. 

The Outer or West Ridge. — The outer or w-cst ridge enters 
Illinois from Wisconsin on the west side of the Des Plaines River, 
its outer border being for a few miles followed by Mill Creek, 
while its inner extends to the west bluff of the Des Plaines River. 
Just below Gurnee the river passes through the moraine and for 
several miles south follows closely the outer border. The river 
then bears away from the ridge a short distance and the outer 
border of the ridge for the remainder of its course lies a mile or 
more east of the stream. In Lake County the ridge is sufficiently 
prominent and bulky to constitute a marked feature and has a 
general width of about two miles. In the south part of the county 
it sends out a spur to join the middle moraine belt near Deerficld, 
while the main ridge continues south into Cook County, gradually 
decreasing in strength and dying out in a plain near Mont Clare, 
in the southwestern part of Jefferson Township (T. 40, R. 12 E.). 
For five or six miles north from its southern terminus it rises 
scarcely ten feet above the bordering plains, and is distinguishable 
from them mainly in being more undulatory. Where well de- 
veloped, as in northern Lake County, the moraine has numerous 
knolls, 20 to 25 feet in height, and these stand ui)on a basement 
ridge whose relief is nearly twenty-five feet. A noticeable feature 
of this and also of the other ridges of this system is the difference 
in the breadth of the outer and inner slopes, the usual breadth of 
the outer slope being scarcely one half that of the inner. 

The Middle Ridge. — As already noted, this ridge is joined to 
a spur from the west ridge, south from Deerficld. The combined 
belt finds its southern terminus near the head of the Chicago 
River and at the border of the old lake. A possible continuation 
southward is discussed below. The course of the belt is south to 
north, through Northfield Township, Cook County. Upon enter- 
ing Lake County it becomes distinct from the spur and remains 
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a distinct ridge for a distance of fifteen miles. It there, in Sec. i8, 
VVaukcgan Township (T. 46, R. 12 E.), becomes united with 
the east ridge and remains so as far north as it has been examined. 
On each side of this ridge there is a narrow sag or slough. The 
sag on the east is marshy its entire length from Winnetka, in Cook 
County, northward to the latitude of Waukegan, a distance of 
nearly twenty miles. For a couple of miles at its southern end it 
has a width of one-half mile or more, but the usual width is only 
one-fourth mile. The sag on the western, or outer, border con- 
tains a marsh from Rondout station south to the Lake and Cook 
County line, a distance of about nine miles. 

This ridge, like the west ridge, has low knolls along its crest, 
8 to 15 feet in height, but the coalesced ridge in Northern Cook 
County is more billowy and carries knolls twenty feet or more in 
height. There are basins and winding sloughs among the knolls, 
which add to the expression of the moraine. 

The East Ridge. — The southern terminus of the east ridge is. 
at Winnetka, where the present lake cuts it off. It has apparently 
had its entire east slope and a portion of the crest removed by 
the lake, there being a descent immediately from the bluff on the 
lake to the slough, which lies west of the ridge. Following the 
ridge north to Highland Park the crest and east slope appear. 
Continuing north to Lake Forest, a narrow till plain appears on 
the east of the ridge, the inner l)order of the ridge lying back a 
half mile or more from the lake front. Still farther north at Wau- 
kegan, the inner border lies back about two miles from the lake 
front. The usual width of this ridge, where complete, is about 
one mile. The crest of the ridge usually stands no to 125 feet 
above the lake. At Winnetka, the higher portion being removed, 
it rises but 80 feet above the lake. The till plain east of the ridge 
stands 75 to 90 feet above the lake. 

The rate at which the lake bluff is being encroached upon by 
wave action has become a matter of much concern to the residents. 
It is estimated by old settlers that from Waukegan to Evanston 
there has been, during the thirty years from i860 to 1890, a strip 
about 150 feet in width, undermined and carried into the lake. 
This amounts to about 500 acres, representing at present valuation 
nearly one million dollars' worth of property. 

Relief, — The west ridge rises with a somewhat abrupt slope 
about twenty-five feet above the plain along the Des Plaines 
River. On the inner (eastern) side there is a gradual descent of 
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feet and in one place, near Palatine, at loo feet. Hut it should 
])e borne in mind that the surface elevation in the vicinity of Pala- 
tine is at least loo feet below the crest of the rid^e in Harrington 
1\)\vns:hip. Mr. Snei])le has found buried soil but once. 'Hiis 
was near Arlington Heights, beneath blue bowlder clay, at a 
depth of seventy feet. The soil was underlain by a pebbly clay. 
It contained bits of wood and was of an offensive odor. 

^Ir. R. Ryan, of T>ltx>niingdale, in an extensive ex])erience 
as a well borer, has found a buried soil but a few times. He recol- 
lects its depth in but one instance, in a well in the northwestern 
part of Schaumberg Townsbip. It occurs at 133 to i^i) feet below 
the surface. It is of a brownish black color and has an offensive 
odor. It is overlain bv blue bowlder clav and underlain bv 
quicksand. Mr. Ryan and also other well borers have foun<l 
wood and peaty deposits imbedded at slight depth beneath ])onds. 
They are covered by swamp muck and pebbleless clays ami 
have probably been buried in postglacial times. Mr. Ryan re- 
ports the soft blue till t(^ have a depth <»f 100 to 140 feet in the 
vicinity of llloomingdale, Schaumberg and Wheaton. 

Mr. Diebold, a well borer at Downers Grove, reports a depth 
of 100 to IIS feet of blue bowlder clav in the vicinitv of Downers 
Grove, Clarendon Hills and Hinsdale. Mr. Diebold furnished 
the following section of a well at a brick yard on the crest (►f the 
moraine three miles east of Downers Grove: 

1. Yellow clay (pebbly) 7 to 8 feet 

2. Grayish-blue, pebbly clay. 112 ** 

3. Fine, blue sand • • 39 

4. Limestone 40 



4. 



<» 



Depth of drift. 159 feet 

Mr. Diebold has frequently found a blue sand beneath the 
blue bowlder clay in that vicinity, and if this is not ])rcsent there 
is usuallv white sand or gravel beneath the blue chiv and overlv- 
ing the rock. 

Borings near East Du Page River strike rock at 100 feet or 
less, and the sand and gravel which underlie the blue clay are 
but a few feet in depth. 

The structure of the drift along the bluffs of the Des Plaines 
is well exposed at several points between Lemont and Joliet. 
There api^ears to be much more sand and gravel than is shown b\' 
well sections on the uplands. There is, however, considerable 
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till exposed in the east bluff. Just below Lemont a blue till rests 
immediately' on the limestone, but frequently in that locality there 
is sand or gravel at the base of the drift. In the west bluff, oppo- 
site Lemont, there are large accumulations of sand, gravel and 
cobble, in portions of which bowlders and bowlderets are im- 
bedded, while in other portions assorting is quite perfect. There 
are also places where a very fine, partially cemented, sand, almost 
as fine as loess, caps the deposit. 

In the portion of the moraine east of the Dcs Plaines River 
the yellow clay has a depth of about ten feet. It is underlain by 
a grayish-blue bowlder clay, which carries a sufficient number 
of water-bearing veins to furnish abundance of water for wells. 
There is less difficulty experienced in getting good wells at slight 
depth here than in the portion of the moraine west of the Des 
Plaines River. There are very few' tubular wells and these seldom 
exceed seventy-five feet in depth, while the majority of those along 
the crest of the moraine have a depth of but forty to sixty-five 
feet. Consequently there is a less complete knowledge of the 
deeper structure of the drift than on the portion west of the Des 
Plaines River. The foUowiiig n^present the deepest wells of which 
sections were obtained: 

At Beecher Station a well io6 feet in depth is principally 
in blue bowlder clay and obtains water in a gravel at the depth 
mentioned. 

On the crest of tlie moraine at C. L. Pease's residence, one 
mile north of Goodenow, a well 112 feet in depth is in blue 
bowlder clay to the water-bearing gravel at bottom. 

J. O. Piepenbrink, Section 11, Crete Townsfhip, has a well 
106 feet in depth, which has the following section: 

1. Yellow, pebbly clay, of reddish cast 20 feet 

2. Grayish-blue, pebbly clay 85 ** 

3. Coarse sand i " 

Depth io6 feet 

Mr. Piepenbrink finds the blue clay less pebbly than the 
yellow clay and the blue clay varies greatly in hardness in differ- 
ent wells on his farm and also varies at different depths in the 
same well. 

In the village of Crete nearly all the wells enter sand at slight 
depth, and cellars are freciuently drained by boring a few feet in 
their bottoms to a dr>' sand, which absorbs their water. The 
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followinfj section of a well in Sec. 8, Crete Townsliip, is represent- 
ative : 

1. Yellow, pebbly clay »5 f^'<*t 

2. Blue, pebbly clay. ^ 

3. Dry sand • • • * - 

4. Quicksand and water • 1 7 

Depth • S2 fc-ei 

In some wells the sand lies within ten feet of the surface and 

has no blue clay above it. 

The following sections of well borinjj^s near Spencer will il- 
lustrate the structure and show the general thickness of drift in 
that locality: 

Section of well at elevator in Spencer — 

1. Yellow, pebbly clay 1-2 to 15 feet 

2. Blue, pebbly clay, hard and dry 50 

3. Cemented sand 3 to 4 

4. Quicksand : • • • • 5 to 6 

5. Limestone at 75 feet (i) 

Section of well two miles south of S[)encer — 

1 . Yellow, pebbly clay 8 feet 

2. Sand and gravel • ■ • 14 

3. Blue, pebbly clay, hard and dry 60 " 

4. Limestone at 82 feet . • • • • 

Carbonic acid gas has been encountered (juite fre(]uently 
in wells along this moraine. It is usually found in dry cavities 
in the blue clay and is struck at various dej)tlis. 

In the outlying belt in Will County, from the Des IMaines 
River southea.stward, the thickness of the drift is much less than 
in the main belt, being as a nde between forty and seventy-fivo 
feet. There is usually at surface ten to twenty feet of yellow till. 
Heneath this is occasionally found a bed of sand or gravel of 
slight depth, but usually blue till immediately underlies the yel- 
low. In the blue till beds of blue (juicksand are often struck. 
These beds are, in this district, sometimes ten feet or more in 
depth, and ofYer great obstruction to well-digging or boring. 
Such quicksand is not unconnnon in other districts in Northeast- 
ern Illinois. Wells are seldom obtained in it, though it is full of 
in It is thought tbut rook was struek at the bottom of tlie well. 
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water, for the reason that the sand clogs the strainer of the pump. 
It is also difficult to case or wall a bored or dug well in this ma- 
terial, it being necessary to sink the wall or casing to the bottom 
of the sand. Many wells are carried through this sand and a few 
feet of the underlying blue clay to a gravel bed or in some instances 
into underlying limestone. 

PLOWING WELLS (1). 

Palatine Flowing Well District. — In the vicinity of I^alatinc, 
in northern Cook County, there is a small district having a radius 
of about two miles from the village of Palatine as a center, where 
flowing wells are obtained. In 1887 there were eight of these wells 
in the village of Palatine, and at least twenty-five in the tow^n- 
ship. The writer has obtained no later information concerning 
this district. The depth of the wells ranges from 70 to 170 feet, 
the majority of them being from 125 to 170 feet in deptli. Occa- 
sionally a well has struck two or more veins from which water 
will flow, though usually there is but one vein. The water rises 
in the village of Palatine from the three strongest wells about ten 
feet above the level of the track at the depot. These wells do not 
obtain water from exactly the same depth, but are among the deep- 
est wells in the village. The head is lower in the shallow wells, 
water rising in scmie cases only about five feet above the level 
of the railway station. It was not determined to what height water 
rises in wells outside the village compared witli those in the village, 
since they are scattered widely and no levclings have l)een made 
between the wells. The rate of discharge varies greatly even in the 
village of Palatine. The strongest well, which is at the cheese 
factory, has a discharge of sixty gallons per minute. The other 
wells in the village flow but one to six gallons per minute, and 
the wells at the farm houses outside the village seldom flow more 
than five gallons per minute. The water is slightly chalybeate in 
every well whicli was examined. The waters vary greatly in 
hardness in the different wells. All the water, however, is so liard 
that it is necessary to "break*' it before using it for laundry pur- 
poses. 

There are many deep wells in the vicinity of Palatine which 
do not flow, even when the surface level is lower than that at 
the flowing wells. The water supply is apparently from veins 
whose collecting areas vary in altitude, otherwise the water level 
w-ould be more uniform. 

Ill These llowin^; wells were first discussed by mo in the 17th Annual Report 
of tlie U. S. Geuloffical Survey. 
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Tlic collecting^ area is thousjlit to be in the portion of the 
moraine west and north of Palatine. The moraine west of Pala- 
tine attains an altitude of kxj to 120 feet above the station, and 
the crest in Lake County has nearly as great an altitude. The 
superficial drainasiC is very poor north of Palatine, on the divide 
between Salt Creek and Buffalo Creek, and it is also poor west 
of Palatine, for there is no stream nearer than Vox River to re- 
ceive its waters. Consequently much of the water must evapor- 
ate or find outlet by underground passages. There seems to be 
a sufficient collecting area and also a sufficient variation in altitude 
to account for the wells and the difference in head. 

Salt' Creek Flowing Well District, — South of Palatine Town- 
ship, along Salt Creek and its tributaries, flowing wells are fre- 
quently obtained. They differ but little from springs which occur 
along the creek. There are at least six such wells along a trib- 
utary of Salt Creek in the eastern ])art of Schaumberg Town- 
ship (T. 41, R. 10 E.), none of which exceed forty-five feet in 
depth. Those along Salt Creek, from Plum Grove, in southern 
Palatine Township, to the vicinity of Klmhurst, in York Town- 
ship, seldom exceed thirty feet in depth. 

In Itasca there are a few flowing wells along a tributary of 
Salt Creek. Of these the deepest one recorded is but twenty- 
eight feet. The water here will rise not more than three feet above 
the bed of the creek. This level is sixt v-five to seventv feet lower 
than the level of the flowing wells in Palatine. 

OUTER BOBDEB PHENOMENA. 

While the ice sheet was forming the Valparaiso moraine 
there were streams of water issuing from its outer border and 
escaping down the Des Plaines River. These streams became over- 
burdened with material derived from the ice and in consequence 
built up their beds and valley bottoms to a marked degree. The 
filling reached such a stage that the streams were in some cases 
forced to find outlet across the present inlerfluvial tract, \\illeys 
were formed bv these streams which are now abandoned or ckcu- 
pied by insignificant brooks (i). 

]"rom the contour maps prepared by the Ignited States Gecv 
logical Sur\'ey it is possible to ascertain the height to whicli the 
filling extended along the lower part of the Du Page and the 
IJes Plaines and the elevation of these abandoned channels. J'>oni 



[11 Perhaps tho valleys here roferrod to were partially opened by siibtrlaclal 
streams at the time wheh the- moraine which they cross was r>ocupied by the 
icb sheet. 
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the JoHct sheet, which mcludes sections of the Des Plaines and 
lower Du Page Rivers, immediately outside the V^alparaiso mo- 
raine, it appears that on the immediate hordcr of the moraine the 
gravel filling reached an altitude approximately 620 feet A. T. 
These gravel deposits are extensive along tlie Du Page River be- 
low the junction of the West and East l^'orks and along the Des 
Plaines River below Romeo. Tracing these deposits southward, 
there is a marked descent, the altitude at Plainfield being scarcely 
610 feet, at Grinton 590 feet, at Joliet Mound 580 feet and at 
Channahon 570 feet, a fall of fifty fec"t in a distance of about 
twentv miles. 

The abandoned vallevs which connect the Des Plaines and 
Du Page Rivers are not of the same elevation. The northermost 
one, occupied by small streams which drain it in opposite direc- 
tions, each of which is known as Isle la Cache Creek, leaves the 
Des Plaines oi)posite Romeo and passes nearly directly westward 
to the Du r*age Valley just above Plainfield. It has an elevation 
between 600 and 610 feet A. T. Jt oi)ens out toward the south- 
west into an extensive gravel plain near Plainfield, having the 
same elevation as the channel, which was probably built up in 
part by the current which formed this valley. The valley is about 
one-half mile in* width and is cut to a level forty to fifty feet below 
the bordering uplcinds. 

A second vallev leaves the Des Plaines about two miles south 
from the Isle la Cache and leads southwestward to the Du Page, 
entering that valley below Plainfield. Its elevation is 620 feet, or 
about the elevation of the gravel deposits bordering that portion 
of the Des IMaines Valley and somewhat higher than the deposits 
on the Du Page. It is not so large as the Isle la Cache and prob- 
ably was earlier abandoned. 

A third valley leaves the Des Plaines about midway between 
Lockport and Joliet and passes westward into the Du Page Val- 
ley just above Grinton. The elevation of its channel is 570 to 580 
feet or ten to twenty feet below the level of the bordering gravel 
dejx)sit. It is about fifty feet in depth and nearly one-half mile in 
width. The contours of its bluffs indicate the line of a vigorous 
stream. This valley was apparently the last of the three to be 
abandoned. 

The deposits along the Du Page and Des Plaines Rivers con- 
sist in tlie main of coarse gravel and cobble, much of the finer 
material having been swept away by the strong current. Excellent 
exposures are to be seen in the gravel pits near Plainfield on the 
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List of deep borings along the Valparaiso Moraine in Lake, Cook, 
Du Page and Will Counties . 

ThickneHS Approximate 

of Kh'vatioii 

Drift alnnv Tl«Jir. 

1. At Ivanhoe, on crest 290 feet HOO feet 

2. Near Lake Zurioh, ou crest 267+ ** i»00 •• 

3. At Lake Zurich, 20 to 30 feet below creht 240+ ** 8H0 ** 

4. HainesYille, near crest 2874- ** hsO •• 

5. Gilmer, near crest 2134 ** 820 *• 

6. Crest, east of Wauconda 230+ ** 850 •* 

7. Crest, south of Barrington 316+ ** 850 *• 

8. Barrington, 40 to 45 feet below crest 254 ** 81k ». 

9. East of Elgin, near crest 220-240 '• s50 • • 

10. Palatine and vicinity 100-1704- • 750 *» 

11. Near Schaumberg, along crebt 190 4- *' 825 •• 

12. Arlington Heights, about 150 feet below 

crest 128 *• 7oo ** 

13. North of Arliugtou Ueights, 20 to 30 feet 

above station 190 • • 725 » • 

14. Near Spaulding, about 50 feet below crest 120 *■ 770 -* 

15. Bartlett, 10 to 20 feet below crest 100 4 " nOO •* 

16. Ontarioville, near crest 140 4 815 »* 

17. Roselle, about 50 feet below crest 100 4- " 770 • • 

18. Crest south of Bloomiugdale 162 •- koo <* 

19. Itasca 72 4 ' 092 «» 

20. Bensenville 97 - 677 *• 

21. Elmhurst 98 688 •• 

22. Elmhurst Quarry Trace 660 «• 

23. Turner Junction 116 »' 765 •* 

24. Quarries near Naperville Trace 700 •» 

25. Crest east of Naperville 115+ " 740 •• 

26. Downers Grove 113+ •• 720 •• 

27. Crest east of Downers Grove 159 »- 750 ** 

28. Near Clarendon Hills 160 + • 765 '* 

29. Crest northwest of Lemout 150 *' 740 ** 

30. Crest of moraine east of Lockport 115+ * 725 •* 

31. Near Spencer 81 710 «• 

32. Crest near Frankfort 135+ •• 780 •* 

33. Hickory Creek, near Frankfort Trace 730 ♦* 

34. Sec. 13, Tp. 35, 11. XII E ** 760 »» 

35. Monee, on crest 180+ '' 804 «• 

36. Crest near Goodcuow 112+ " 780 •• 

37. Beeoher 106+ »» 720 •« 

38. Sec. 11. Tp. 34, 11, XIV E 106+ ** 720 " 

39. Chicago Heights 30 ** 690 *» 

40. Quarry 1 Mi. east of Chicago Heights ... . Trace 665 *« 
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Structure. — The drift of the Valparaiso sheet, together with 
that of the Early Wisconsin, which underlies it, consists mainly 
of a soft blue till, easily penetrated by tlie spade or auger. With 
the till there are local deposits of sand or gravel, which collect the 
water that supplies wells. There arc also a few places in which 
the deposits of sand and gravel occupy nearly the entire drift 
section. In following the moraine through Northeastern Illinois 
there will be found occasional townships in which the till, which 
is a poor source for water because of its compact matrix, is not ac- 
companied by a sufficient amount of sand or gravel to furnish water 
for strong wells, while in adjoining townships no difficulty may 
be experienced in obtaining water. It is more often found neces- 
sary to drill wells to great depths in eastern and northern Du 
Page, northwestern Cook and southern I^ake Counties than else- 
where along the moraine in Illinois, many wells in that district 
being more than 150 feet in depth. In southern Du Page County, 
between the east and west branches of Du Page River, the drift 
to a depth of fifty to sixty feet or more Cthc depth reached by the 
deep wells) is *mainly sand and gravel, this being an unusually 
gravelly part of the moraine. In Will County wells seldom reach 
a depth of 100 feet because of the abundance of water-bearing sand 
or gravel at less depth. 

In collecting well records there is. I find upon examining my 
notes, a larger proportion showing exceptional than normal con- 
ditions, it being natural to pass over the usual section after it is 
once noted without collecting further records. This should be 
borne in mind when examining the specific well records given 
below. Scores of wells were found which show a section about as 
follows: At surface ten to twelve feet of pebbly yellow till, be- 
neath which is a soft blue till extending to the water bed of sand 
or gravel at depths ranging from twenty-five feet to 150 feet or 
more. If a well is carried to a depth much beyond 150 feet it is 
usual to pass out of the bine till into a hard brown till, unless rock 
is reached. This hard till presumably belongs to one of the ear- 
liest invasions of the ice. In a few cases great depths of sand 
have been found beneath the blue till, as noted below. The sec- 
tions of wells here given include the deepest which came to mv 
notice. 
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S. J. Lewis, a well driller, of Klg^in. 111., reports a well about 
one mile east of Lake Zurich, in Lake County (in Sec. 20, T. 43 
X., R. TO E.). which has the followinj^ section: 

1. Yellow, pebbly clay 12 feet 

2. Grayish-blue, pebbly clay 88 

3. Fine, gray sand I97 

Depth -297 feet 

Altitude of well month about 900 feet A. T. 

Mr. Lewis reports three wells near Lake Zurich which i>l>- 
tain water in f^^ravel beneath the blue till at 138, 140 and 150 feet, 
respectively. Near Hainesville, in Sec. 28. T. 45 X.. R. 10 E.. lie 
reports a borinj^ to have reached the bottom of the blue till at 120 
feet. Relow this till is sand for a depth of 167 feet. The sand 
vielded an abundance of water, but was too fine to be screened bv 
the .strainer and no well could be (>l)tained. Xear (iilnier, in Sec. 
3. T. 43. R. 10 E., Mr. Lewis ma<lc a well which ])enetrates stony 
clays 120 feet and sand 93 feet, obtaining; water in coarse sand at 
a depth of 213 feet. For a mile or more east of Gilmer wells are 
obtained in caravel beneath blue till at a depth of 75 to 100 feet, but 
occasionally the blue till extends to a depth of 160 feet. In Rar- 
rinpfton Township. Cook County, T. 42 X., R. 9 E.. wells usually 
penetrate soft blue till to a depth of 100 to 140 feet and occasion- 
all v 200 feet before reaching a water bearing gravel or a harder 
till'. 

Mr. W. Spumer, of Lake Zurich, who has had some experi- 
ence in boring tubidar wells, furnished the following section of bis 
own well near Lake Zurich, in Sec. 17, T. 43, R. 9 E. : 

1. Yellow, pebbly clay 10 feet 

2. Grayish-blue, pebbly clay, about 130 " 

3. Sand, t'lnd blue. i>e!>]>ly clay in alternate layers of various 

thicknesses • ■ 60 *' 

4. Sand, becoming coarse and gravelly at bottom 43 " 

Depth 240 feet 

• 

Mr. Spumer reports that a boring at Tvanhoe, Sec. 22, T. 44, 
R. E., strikes rock at 200 feet. A well three miles southeast of 
Wauconda, on the Eletcher Estate, Sec. 32, T. 44, R. 10 E., is 
reported by Mr. Spumer to have the following section : 
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1. Yellow, pebbly clay • • 12 feet 

2. Gravel • • 2-3 '* 

3. Blue, pebbly clay, with sand pockets 100 ** 

4. Sand and reddish, pebbly clay, in alternate layers, each ro — 15 

feet 107 •' 

5. Whitish, sandy clay • 4 " 

6. Sand and gravel 3 ** 

Depth 230 feet 

Mr. Spunier estimates the depth of the blue till along the 
divide between the Fox and Des FMaines Rivers in southern Lake 
County to be 125 to 150 feet and wells occasionally obtain water 
in gravel immediately beneath this till. 

Mr. William McWendle. a well borer at Oak Glen, reports 
two wells at Barrington that strike rock at 254 and 250 feet, re- 
spectively. To a depth of about t6o feet in each well the drift is 
mainly a soft blue till. Considerable cobble was encountered at 
this depth. Relow the c()])ble is a lighter colored clay liarder and 
more pebbly than the blue clay and apparently belonging to an 
older drift s'heet. 

Mr. A. W. \'an Dervolgan, of Batavia, rei)orts the following 
section of a boring on the crest of the moraine south of Barring- 
ton, in Sec. 22, Barringtown Township, which is the thickest sec- 
tion of drift yet noted in the Chicago Area: 

1. Yellow and blue, pebbly clays, about 160 feet 

2. Quicksand, about 15 " 

3. Reddish, pebbly clay, hard and dry. about 140 " 

Depth 315 feet 

The well was abandoned without reaching the bottom of 
the drift and a second boring was made only five rods distant 
from it, which furnisbes a good supi)ly of water at 170 feet. 

Mr. M. Sneible, of Palatine, has found in his experience as a 
well borer that the yellow surface clays in the vicinity of that vil- 
lage varv in depth from six to fifteen feet and that tlie blue bowkler 
clay is too to 125 feet in depth. He usually finds sand or gravel 
beneath the blue clav and here obtains the wells, but occasionallv 
a thin be<l of cemented gravel is ])enetrated or limestone is en- 
tered just below the blue clay before obtaining a well. Tn sev- 
eral instances he has reached the bottom of the drift at 150 to 165 
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feet and in one place, near Palatine, at loo feet. lUit it should 
l)e l)orne in mind that tlie surface elevation in the vicinitv of l*ala- 
tine is at least ux) feet l)elow the crest of the riilj^e in Rarrington 
Township. Mr. Sneihle has found huried soil hut once. Tliis 
was near Arlinj^fton Heights, ])eneath hlue howlder clay, at a 
depth of seventy feet. Tlie soil was underlain l)y a pebhly clay. 
It contained hits of wood and was of an offensive odor. 

Mr. R. Ryan, of Hlooniingdale, in an extensive experience 
as a well borer, has found a huried soil hut a few times. He recol- 
lects its depth in hut one instance, in a well in the northwestern 
part of Schaumherg Townsliip. It occurs at 135 to \y) feet below 
the surface. Ft is of a brownisli black color and has an offensive 

odor. It is overlain bv blue bowlder clav and underlain l>v 

- 

quicksand. Mr. Ryan and als(j «»ther well borers have found 
wood and peaty deposits imbedded at slight depth beneath ponds. 
They are covered by sAvamp nnick and pebbleless clays anil 
have probably been buried in postglacial times. Mr. Ryan re- 
ports the soft blue till to have a depth of 100 to 140 feet in the 
vicinity of r»l(K)mingdale, Schaumberg and Wheaton. 

Mr. Diebold, a well borer at Downers Grove, rej)orts a depth 
of 100 to 115 feet of blue bowlder clay in the vicinity of Downers 
Grove, Clarendon Hills and Hinsdale. Mr. Diebold furnished 
the following section of a well at a brick yard cm the crest of the 
moraine three miles east of Downers (irove: 

1. Yellow clay (pebbly) 7 to 8 feet 

2. Grayish-blue, pebbly clay. 112 *' 

3. Fine, blue sand 39 ** 

4. Limestone 40 *' 

Depth of drift 1 59 feet 

Mr. Diebold has frequently found a blue sand beneath the 
blue bowlder clay in that vicinity, and if this is not i)resent there 
is usually white sand or gravel beneath the blue clay and overly- 
ing the rock. 

Borings near East Du Page River strike rock at i(X) feet or 
less, and the sand and gravel which underlie the blue clay are 
but a few feet in depth. 

The structure of the drift along the bluffs of the Des Plaines 
is well exposed at several points between Lcmont and Joliet. 
There appears to be nnich more sand and gravel than is shown by 
well sections on the uplands. There is. however, considerable 
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till exposed in the east bluff. Just below Lemont a blue till rests 
immediately' on the limestone, but frequently in that locality there 
is sand or gravel at the base of the drift. In the west bluff, oppo- 
site Lemont, there are large accumulations of sand, gravel and 
cobble, in portions of which ])owlders and bowlderets are im- 
bedded, while in other portions assorting is quite perfect. Tliere 
arc also places where a very fine, partially cemented, sand, almost 
as fine as loess, caps the deposit. 

In the portion of the moraine east of the Des Plaines River 
the yellow clay has a depth of about ten feet. It is underlain by 
a grayish-blue bowlder clay, which carries a sufficient number 
of water-bearing veins to furnish abundance of water for wells. 
There is less difficulty experienced in getting good wells at shght 
depth here than in the portion of the moraine west of the Des 
Plaines River. There are very few tubular wells and these seldom 
exceed seventy-five feet in depth, while the majority of those along 
the crest of the moraine liave a depth of but forty to sixty-five 
feet. Consequently there is a less complete knowledge of the 
deeper structure of the drift than on the portion west of the Des 
Plaines River. The following p^prescnt the deepest wells of which 
sections were obtained : 

At Beecher Station a well io6 feet in deptli is principally 
in blue bowlder clay and obtains water in a gravel at the depth 
mentioned. 

On the crest of the moraine at C. L. Pease\s residence, one 
mile north of Goodenow, a well 112 feet in depth is in blue 
bowlder clay to the water-bearing gravel at bottom. 

J. O. Piepenbrink, Section 11, Crete Towns*hip, has a well 
106 feet in depth, which has the following section: 

1. Yellow, pebbly clay, of reddish cast 20 feet 

2. Grayish-blue, pebbly clay 85 " 

3. Coarse sand 1 " 

Depth J06 feet 

Mr. Piepenbrink finds the blue clay less pebbly than the 
yellow clay and the blue clay varies greatly in hardness in differ- 
ent wells on his farm and also varies at different depths in tlie 
same well. 

Tn the village of Crete nearly all the wells enter sand at slight 
depth, and cellars are frequently drained by boring a few feet in 
their bottoms to a dr}^ sand, which absorbs their water. The 
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followinfj section of a well in Sec. 8, Oete Townsliip. is represent- 
ative: 

1. Yellow, pebbly clay »5 f^^et 

2. Blue, pebbly clay. ^ 

3- Dry sand 

4. Quicksand and water i 7 

Depth • • • • • S2 fetfi 

In some wells the sand lies within ten foct of the snrface and 
has no blue dav above it. 

The followinij sections of well borinpfs near Spencer will il- 
lustrate the structure and show the jj^eneral thickness (^f <lrift in 
that localitv: 

Section of well at elevator in Spencer — 

1. Yellow, pebbly clay 12 to 15 feet 

2. Blue, pebbly clay, hard and dry 50 

3. Cemented sand • • 3 to 4 

4. Quicksand ......:..... • • 5 l*> ^» " 

5. Limestone at 75 feet (i) • 

Section of well two miles south of Spencer — 

1. Yellow, pebbly clay • • • . 8 feet 

2. Sand and gravel • • 14 

3. Blue, pebbly clay, hard and <lry 60 ** 

4. Limestone at 82 feet • • • • 

Carbonic acid gas has been encountered (|uite frequently 
in wells along this moraine. It is usually f(nui(l in dry cavities 
in the blue clay and is struck at various deptlis. 

In the outlying belt in Will County, from the Des Plaines 
River southeastward, the thickness of the drift is nnich le.'^s than 
in tlie main belt, being as a rule between forty and seventy-five 
feet. There is usuallv at surface ten to twentv feet of vcllow till. 
T»eneath this is occasionally found a bed of sand or gravel of 
slight depth, but usually blue till immediately underlies the yel- 
low. In the blue till beds of blue (juicksand are often .'Struck. 
These beds are, in this district, sometimes ten feet or more in 
depth, and offer great obstniction to well-digging or boring. 
Such quicksand is not unconnnon in other districts in Xortheast- 
ern Illinois. Wells are seldom obtained in it, though it is full of 
[11 It is thought that rock was struck at the bottom of the well. 
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water, for the reason that the sand clogs the s^trainer of the pump. 
It is also diflScult to case or wall a bored or dug well in this ma- 
terial, it being necessary to sink the wall or casing to the bottom 
of the sand. Many wells are carried tlirough this sand and a few 
feet of the underlying blue clay to a gravel bed or in some instances 
into underlying Hmestone. 

PIiOWIN(i WELLS (1). 

Palatine Flowing Well District. — In the vicinity of Palatine, 
in northern Cook County, there is a small district having a radius 
of about two miles from the village of Palatine as a center, where 
flowing wells are obtained. In 1887 there were eight of these wells 
in the village of I^alatine, and at least twenty-five in tlie town- 
ship. The writer has obtained no later information concerning 
this district. The deptli of the wells ranges from 70 to 170 feet, 
the majority of them being from 125 to 170 feet in depth. Occa- 
sionallv a well has struck two or more veins from which water 
will flow, though usually there is but one vein. The w'ater rises 
in the village of Palatine from the three strongest wells about ten 
feet above the level of the track at the depot. These wells do not 
obtain water from exactly the same depth, but are among the deep- 
est wells in the village. The head is lower in the shallow wells, 
water rising in some cases only about five feet above the level 
of the railway station. It was not determined to what height water 
rises in wells outside the village compared with those in the village, 
since they are scattered widely and no levelings have been made 
betw-een the wells. The rate of discharge varies greatly even in the 
village of Palatine. The strongest well, which is at the cheese 
factory, has a discharge of sixty gallons per minute. The other 
wells in the village flow but one to six gallons per minute, and 
the wells at the farm houses outside the village seldom flow more 
than five gallons per minute. The water is slightly chalybeate in 
every well which w-as examined. The waters vary greatly in 
hardness in the different wells. All the water, however, is so hard 
that it is necessar}' to "break'' it before using it for laimdry pur- 
poses. 

There are many dee]) wells in the vicinity of Palatine which 
do not flow, even when tlie surface level is lower than tliat at 
the flowing wells. The water supply is apparently from veins 
wdiose collecting areas vary in altitude, otherwise the water level 
would be more uniform. 

ni Tho84> flowing; wells wore first discussed by me in the 17th Annual Report 
of the U. S. GeolofiricaJ Survey. 
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The collecting area is thought to be in the portion of the 
moraine west and north of Palatine. The moraine west of Pala- 
tine attains an altitude of i(X) to 120 feet above the station, and 
the crest in I^ke County has nearly as great an altitude. Tlie 
superficial drainage is very poor north of Palatine, on the divide 
between Salt Creek and lUifFalo Creek, and it is also poor west 
of Palatine, for there is no stream nearer than [''ox River to re- 
ceive its waters. Consequently nnich of the water must evapor- 
ate or find outlet by underground passages. There seems to be 
a sufficient collecting area and also a sufficient variation in altitiule 
to account for the wells and the difference in head. 

Salt' Creek Flowing Well District. — South of Palatine Town- 
ship, along Salt Creek and its tributaries, flowing wells are fre- 
quently obtained. They differ but little from springs which occur 
along the creek. There are at least six such wells along a trib- 
utary of Salt Creek in the eastern ])art of Schaumberg Town- 
ship (T. 41. R. 10 rC). none of which exceed forty-five feet in 
depth. Those along Salt Creek, from Plum Grove, in southern 
Palatine Township, to the vicinity of Klmhurst, in York Town- 
ship, seldom exceed thirty feet in depth. 

In Itasca there are a few flowing wells along a tributary of 
Salt Creek. Of these the deepest one recorded is but twenty- 
eight feet. The water here will rise not more than three feet above 
the bed of the creek. This level is sixtv-five to seventv feet lower 
than the level of the flowing wells in Palatine. 

OUTER ItOBDER PHENOMENA. 

While the ice sheet was forming the \'alparaiso moraine 
there were streams of water issuing from its outer border and 
escaping down the Des Plaines River. These streams became over- 
burdened with material derived from the ice and in consequence 
built up their beds and vallev bottoms to a marked deirree. The 
filling reached such a stage that the streams were in some cases 
forced to fin<l outlet across the present interfluvial tract. \'alleys 
were formed by these streams which are n(^>w abandoned or occu- 
pied by insignificant brooks (i). 

I'Vom the contour maps-prej^ared by the United States Geo- 
logical Sur\'ey it is possible to ascertain the height to which the 
filling extended along the lower part of the Du Page and the 
Des Plaines and the elevation of these abandoned channels. J^Vom 



[I] Perhaps the valleys hero roferr<'d to wero partially op(med by subt^lacial 
Rtreams at the time when the- moraine which they cross was occupied by th« 
io6 sheet. 
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the Jolict sliect, which includes sections of the Des Plaines and 
lower Du Page Rivers, innncdiately outside the Valparaiso mo- 
raine, it appears that on the immediate border of the moraine the 
.i^ravel filling^ reached an altitude approximately 620 feet A. T. 
These i^ravel deposits are extensive alonp^ the Du Page River be- 
low the junction of the West and East lM)rks and along the l^es 
Plaines River below Romeo. Tracing these deposits southward, 
there is a marked descent, the altitude at Plainfield being scarcely 
610 feet, at Grinton 590 feet, at Joliet Mound 580 feet and at 
Channahon 570 feet, a fall of fifty feet in a distance of about 
twentv miles. 

The abandoned valleys which comiect the Des Plaines and 
Du Page Rivers are not of the same elevation. The northermost 
one, occupied by small streams which drain it in opposite direc- 
tions, each of which is known as Isle la Cache Creek, leaves the 
Des Plaines opposite Romeo and passes nearly directly westward 
to the Du Page Valley just al)Ove Plainfield. It has an elevation 
between 600 and 610 feet A. T. It opens out toward tlie south- 
west into an extensive gravel plain near Plainfield, having the 
same elevation as the channel, which was probal)ly built up in 
part by the current which formed this valley. The valley is about 
one-half mile in* width and is cut to a level forty to fifty feet below 
the bordering upfends. 

A second vallev leaves the Des Plaines about two miles south 
from the Tsle la Cache and leads southwest ward to the Du Page, 
entering that valley below Plainfield. Its elevation is 620 feet, or 
about the elevation of the gravel deposits bordering that portion 
of the Des IMaines X'alley and somewhat higher than the deposits 
on the Du Page. It is not so large as the Isle la Cache and prob- 
ablv was earlier abandoned. 

A third vallev leaves the Des Plaines about midwav between 
Lockport and Joliet and passes westward into the Du Page Val- 
ley just above Grinton. The elevation of its chaimel is 570 to 580 
feet or ten to twenty feet below the level of the bordering gravel 
deposit. It is about fifty feet in depth and nearly one-half mile in 
width. The contours of its bluffs indicate the line of a vigorous 
stream. This valley was apparently the last of the three to be 
abandoned. 

The deposits along the Du Page and Des Plaines Rivers con- 
sist in the main of coarse gravel and cobble, nuich of the finer 
material having been swept away by the strong current. Excellent 
exposures are to be seen in the gravel pits near Plainfield on the 
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Du Page and in numcTous small gravel pits along the borcler of the 
Des Plaines. both above and l)elow J«>liet. ( )ne of the largest on 
the Des IMaines is found in an islan<l-like remnant of the old 
terrace known as **J<"*^*^'^ Mound/' about two miles below the city 
of Joliet, on the west side of the river. At the southeast ciuj of 
this mound the following section is exi>osed: 

1. Surface coating of silly clay I to 4 feet 

2. Coarse j^ravel and cobble 10 to 12 

3. Sandy j^ravcl of modiiini coar^icnoss. cniK-nlod in places. 25 to 30 

4. Fine sand or loam - • 4 

5. Blue, pcbblelcss clay, laminnlcd. ralcaref)U*;. • 8 to 10 

6. Bowlder bed. cf»ntainini? dav balN and a sandv. clav 

matrix, extending: to river level on ea*«t side of mound. 

but underlain at slijrht depth by liniest«)ne at west side. 5 to jo 

Tt is thought that the bowlder l)elt is a result of interglacial 
erosion of a till sheet. The blue ])ebbleless day which overlies it 
is apparently a still water dt-posit formed ]>erhaps before the ice 
sheet had reached such a stage of melting as to produce vigorous 
drainage. The upper member a])])ears to indicate a deposit by a 
stream whose vigor was greatest toward the dose of <leposition, 
for at the top the cobble is swe])t almost free fnmi sand. The 
change, however, may have been brought aboitt by a shifting of 
the main current of the stream, the coarse material being deposited 
over portions of the bed which had before been outside the main 
current. 

The deposits of gravel along this valley terminate very ab- 
ruptly at the south, near Channahon, there being only a fine sand 
on the plain in the Morris basin at the head of the Illinois. This 
feature is apparently due to the ])resence of a bodv of still water 
in the low country about the head of the Illinois River. The 
region is covered by sandy <leposits up to a level about 573 feet 
A. T., on the border of which there are in places ^vell defined beach 
lines. This lake had a western r)utlet through the Marseilles 
moraine down the Illinois. Its beaches are traceable a short dis- 
tance beyond Morris. 1^'urther west the body of water became 
narrowed to the width of the Illinois valley and changed to an 
eroding agent. 

Tt is probable that each of the small tributaries of the Kankakee, 
which head in the A'alparaiso moraine, and also eastern tributaries 
of the Des Plaines, were lines for escape of glacial waters, but the 
writer has not examined the vallevs to determine the effect of such 
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waters, excepting the valley of Hickory Creek, which enters the 
Des Plaines at Joliet. This valley has a moraine-headed terrace, 
setting in at the outer border of the moraine in Sec. 17, New 
Lenox Township. It has a gently undulating surface for a mile or 
more out from the border of the moraine; its surface then becomes 
j)lain. This gravel plain is nearly as high as the bordering till 
plains 620 to 630 feet A. T. and 60 to 70 feet above the present 
stream. 

On the east side of the West Du Page River, from Napervillc 
northward, the gravelly deposits of the moraine graduate into 
terraces or gravelly aprons, which lead down the valley. The low 
gravelly knolls of the moraine disappear in a nearly plane sur- 
faced apron on descending to the border of the river. This gravel 
apron is not so extensive as the deposits of the lower Du Page, 
above described, and is now seen only as remnants along the valley 
border. 

The East Du Page throughout its entire length drains a 
broad slough, which separates morainic ridges. Its bottom is said 
to be underlain by deposits of gravel and cobble. 
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THE CHICAGO OUTLKT AND P>KACH1£S OV LAKE 

CHICAGO. 



PREVIOUS WRITERS. 



It is perhaps impossible to (k'tcrmino who was the first person 
to recognize the evidence or form the conception of a southwest- 
ward outlet from Lake Michigan to the Des IMaines. Inquir>' 
among the old residents of this region shows that many of them 
recognized the beaches as i)roducts of the lake, and they also 
noted that the lake once discharged into the Des Plaines Valley. 
K\ idently these concei)tions were entertained for many years 
before any notice appeared in scientitic publications. 

Bannister. — Probably the earliest scientific account of the 
outlet is that given by. Dr. II. M. l^>annister in the Cieology of Cook 
County, published in 1868, as a part of the Geology of Illinois. 
However, a report upon the survey of the Illinois River, by Col. 
James H. Wilson and William ( Jooding, was ])ublished the same 
year in the report of the L^. S. Army Engineers, which makes ref- 
erence to the former southwestward discharge of Lake Michigan. 
Dr. Bannister opens his discussion of the old lake outlet and the 
raised beaches with the following statement : 

**It is evident with a very little observation that at a compara- 
tively recent period. subse(|uent to the Glacial epoch, a considera- 
ble portion of Cook County was under the waters of Lake Michi- 
gan, which at that time found an outlet into the Mississippi Valley 
through the present channel of the l^es IMaines." 

Dr. Bannister apparently makes no claim to discovery, as is 
natural, in view of the fact that the outlet had been recognized as 
such bv residents for manv years. 

Andrews. — One of the early publications of this Academy 
presents a discussion of the beaches prej^ared by Dr. Edmund 
Andrews, a publication which has attracted wide notice (i.) This 
paper, however, deals mainly with the work of the lake at its 
present stage. The ancient beaches are briefly discussed, but the 
outlet is not described. A map accompanying the paper show-s 
the extent of the old lake beyond its present limit from the southern 
end northward some distance into Wisconsin and Michigan. 

ni The North Amoriciin Lnkt'S C«>nsi(ler<'d as Chrononif/ters of Postclucial 
Time, by Dr. Edmund Aii'ln'wc, Trail'*, of (.'hioaso A«.'a<h'my of S<.*ioiices. Vol II. 
1970. Article 1, pp. 1-24. 
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Chamberlin. — Prof. T. C. Chamberlin has presented a brief 
discussion of the beaches alon^ the Wisconsin shore of Lake Mich- 
igan in the Geology of Wisconsin (i), which includes many im- 
portant data concerning the shore phenomena and an interpreta- 
tion of the lake history. In the twenty years which have elapsed 
since this report w^as published, the studies of the shores of the 
Great Lakes have brought out a more complex history than had 
been anticipated, hence the interpretation does not fully meet the 
case, though it recognizes important fluctuations of lake level. 

Leverett — Although there have been frecjuent references to 
the southwestward outlet and the ancient beaches, in geological 
literature, within the past 20 years, no publication especially de- 
voted to them appeared until 1888, when a paper was published by 
the present writer in the Transactions of the Wisconsin Academy 
of Sciences, entitled "Raised r»eaches at the Head of Lake Michi- 
gan" (2). This paper gives a somewhat detailed account of each of 
the several beaches found south of latitude 42 degrees 30 minutes, 
the latitude of the line of Wisconsin and Illinois. It contains but a 
brief reference to the outlet. 

Cooley. — Prof. L. K. Cooley, consulting engineer of the 
Chicago Drainage Commission, has published two papers which 
deal to some extent with the Chicago outlet (3). The first paper 
discusses the outlet as a means for imi)roving the sanitary condi- 
tions at Chicago. The second paper deals with it as an important 
line for navigation and discusses the proper means for ol)taining 
the best results. This paper contains a large amount of valuable 
data concerning the regimen of the Illinois and Des Plaines Rivers. 

Marshall. — The Report of the XT. S. Army Engineers for 1890 
contains much material collected by Capt. W. L. Marshall con- 
cerning the Chicago outlet as a channel for navigation : also refer- 
ences to earlier work l)y that organization. 

Taylor. — Mr. F. R. Taylor has published, in the American Geol- 
ogist, observations on high beaches in the northern portion of 
the basin of Lake Michigan. These beaches he thinks pass be- 
neath the present lake level before reaching the southern end of 
the basin (4). This being the case they have no connection with 
the outlet under discussion. 

ri| (}(»olo<ry of Wiwonsin. Vol. 2, i«77, pp. 219-233. 

r2l Trans. Wift. Acad, of Sdencos. Vol. VII. 18«:j-S7, pp. 177-192. Published in 18>« 

[3! WatiT Supplies of Illinois in relaUon to Health. Report of State Board of 
Health. 1889. 

Lake and Gulf Waterway. Private publication, I810. 

[41 American Geologist. Vol. XIII, May, I8IH. 
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Davis. — Professor W. M. Davis has published a description 
of the Chicago outlet in the Popular Science Monthly (2). His 
paper was based upon a personal inspection of the channel with 
the topographic maps in hand, and is a remarkably clear discussion 
of the features. 

Guthrie. — Mr. ( )ssian (lUthrie, of Chicaj^o, has contributed 
several newspaper articles and has published two or more pam- 
phlets within the past few years which contain po])ular accounts of 
local features in the region under discussion and which have served 
to stimulate interest in its geological history. I laving been a resi- 
dent of the citv for about >o vears and an enthusiastic student of 
natural features he is in possession of a fund of information which 
it is to be hoped will be i)laced on record in suitable form for refer- 
once. 

THE CHICAGO OUTLET. 

The name "Chicago Outlet" has come into use by geologists 
?ind engineers without announcement or conference among 
^vriters, to designate the line of southwestward discharge from the 
Viasin of Lake Michigan across the low divides near Chicago and 
thence down the Des Plaines and Illinois to the ^Mississippi. It 
may appropriately embrace both the ])oints of discharge from the 
lake to the Des Plaines, namely, the one entering at Sununit and 
the one at Sag Bridge. 

When the lake was ()ccuj)ying the highest beach the north or 

main outlet was entered about three miles southwest of Summit; 

\vhen occupying the second beach the outlet was entered at Summit; 

when occupying the third beach the ix)int of entrance a])i)ears to 

liave been transferred eastward nearly to the ])resent shore of Lake 

^lichigan, as explained below. Similarly the southern outlet was 

lengthened eastward with the it)wering of the lake. The point of 

<^iitrance at the time of the highest beach being about fiv^ miles 

^ast of Sag r)ridge, at the time of the second beach near Blue 

Jsland, and at the time of the third beach at Riverdale. This 

^<?lationship of the several beaches to the outlets and the eastward 

'cngtheningof the outlets may be rearlily understood by a glance at 

^^1 € accompanying map. { l^lale 3. ) 

There have been several surveys which have contributed con- 
^^^ur maps of portions of the Chicago outlet and the plain covered 
^3-' the lake in the vicinitv of Chicair<>. The Chicago Drainage Com- 
ission have prepared an excellent ma]> with iive-foot contours 

[21 The Anci«jnt Outlet of Michij^tin, by Prof. W. M. Davis. Topiilar Soionoe 
^nthly. December, mn, pp. 21h-2*>9. 
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which covers nearly all of Cook County and the immediate borders 
of the Chicago outlet along the Des Plaines River. This map has 
not been published, being merely a study map. The topographic 
work carried on by the U. S. Geological Survey in this region is 
largely published. The peculiar features of the upper portion of 
the outlet are brought out in an effective manner by the following 
sheets, viz: The Chicago, Riverside, Calumet, Des Plaines, Joliet, 
Wilmington, Morris, Ottawa, Marseilles, La Salle, Hennepin and 
Lacon sheets. These sheets cover something over loo miles of the 
former lake outlet or nearly one-third the distance from the head 
of the outlet to the Mississippi. The remainder of the outlet is 
shown in Professor Rolfe's map sheets, yet unpublished. The re- 
duced contour map (Plate 2) accompanying this paper is based 
upon these several surv^eys. It serves to indicate the comparative 
size of the valleys occupied by the outlet and of the main tribu- 
taries of the Illinois. But to fully appreciate the features produced 
by the outlet, reference should be made to the large scale maps 
just rrtentioned. 

In the interpretation of these features from the maps, care must 
be exercised in determining the condition of the valley at the time 
the outlet first became operative. The portion of the Illinois below 
Hennepin, it will be observ^ed, is a preglacial valley, which is only 
partially filled by the glacial deposits. This filling is preserved in 
terraces along the borders of the valley. The glacial terraces sel- 
dom rise to a height of more than 100 feet, and in the lower 100 
miles their average height scarcely exceeds 50 feet above the 
present stream. In the portion of the valley above Hennepin the 
stream is mainly in a glacial or postglacial course, or the two com- 
bined, but even here there are complications which make it no 
easy matter to determine the amount of erosion attributable to the 
outlet. Before the accession of the lake waters this valley was the 
line of discharge for streams issuing from the ice sheet, as possibly 
of interglacial streams, some evidence of which has been gathered 
by Professor Chamberlin. Although the streams were generally so 
heavily charged with detritus as to build up rather than erode 
their beds for some distance below the point of emergence from 
the ice sheet, it seems scarcely probable that filling would have 
exceeded erosion throughout the entire length of the Des Plaines 
and Illinois Vallevs. The basin at the head of the Illinois, as 
noted above, was apparently occupied by a lake at the Valparaiso 
stage of glaciation and this would have received the greater part 
of the detritus borne down by the glacial floods on the Des 
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Plaines and other tributaries entering the basin farther east, thus 
permitting the water to issue at the western end of the basin, un- 
burdened with glacial material. The stream discharging west- 
ward from this basin would therefore have a tendency to deepen 
the new valley opened across the Marseilles moraine, and in all 
probability would have extended its excavation at least through 
the new portion of the valley to Hennepin, there being in that 
section a gradient of several inches per mile and possibly at first 
a gradient of several feet. It seems not improbable, also, that 
some excavation was accomplished by the glacial floods in their 
passage over the terraces in the lower portion of the Illinois Valley, 
the advantages for erosion being as good for these floods as for the 
later ones fed by Lake Chicago. 

It is also necessary to estimate the amount of fllling which the 
lower course of the outlet has received since the lake waters were 
withdrawn. Concerning this fllling. Prof. L. E. Cooley has made 
some investigation and concludes that it will average about 30 
feet from Peru to the mouth of the Illinois, (i.) 

In the Des Plaines Valley the erosion of the Valparaiso 
moraine and of the terraces outside of it was probably very largely 
effected by the lake waters. An examination of this portion of the 
outlet will therefore be likely to afford a fair understanding of the 
size of the channel which it formed. 

Turning to the topographic maps, it appears that the bed of 
the lake outlet declines from about 590 feet A. T. at Lemont, in 
the midst of the Valparaiso moraine, to scarcely 500 feet at the 
head of the Illinois, or 90 feet in a distance of 25 miles. Of this 
fall 76 feet is made in a little less than ten miles from Romeo to 
Joliet pool. The glacial terraces which border the outlet decline 
from about 630 feet to 570 feet between Lemont and the head of 
the Illinois. This deepening of the channel is shown by the maps 
to be somewhat irregular, ranging from 40 feet to about 70 feet, 
but an average erosion of 50 feet may be assumed. This deepen- 
ing embraces not only the work at the time the upper beach was 
forming, but also that carried on during the formation of the 
middle and third beaches, or down to the time of the final abandon- 
ment of the lake outlet. The channel above Joliet has a breadth of 
one to one and a half miles, averaging perhaps one and a quarter 
miles. F)etween Joliet and the head of the Illinois several island- 
like remnants of the glacial terraces remain in the midst of the 
channel, making it more difficult to estimate the breadth, but it is 

[i] Communicated to the writer, 
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not markedly greater than in tlic portion a]K)ve Joliet. The por- 
tion above Joliet is cut to a slight depth into the Niagara limestone, 
which there underlies the glacial gravel. The excavation in lime- 
stone, however, amounts to not more than one-fourth the size of 
the channel, for the limestone seldom rises more than 40 feet above 
the bed of the lake outlet and in many places its surface comes 
down nearly to the level of the valley floor. l>elow Joliet there 
was even less excavation in the rock than above. It is estimated 
that the rock excavation here does not exceed ten per cent, of the 
total cutting. 

In the low tract at the head of the Illinois (the Morris basin) 
the depth of excavation by the outlet is very vslight, averaging prob- 
ablv less than 20 feet in the ten miles between the head of the 
Illinois and Morris. The plain appears to have descended nearly 
to the 520-foot contour on the borders of the river before modified 
at all bv lake or stream action. A low bluflf formed on the north 
boFder of the basin has a height of 15 to 20 feet. On the south 
border there is no bluff, that side of the basin being heavily coated 
with sand deposits. These deposits may perhaps have been laid 
down in part at the time the lake waters were forming the outlet, 
but they are probably largely of earlier date. In this basin the 
lake outlet had an average width of four or five miles. 

In the section of the lUinois, immediately below (west fronij 
this bashi, erosion, prior to the opening of the Chicago outlet, may 
have brought the level of the valley bottom down to that of the 
upper beach line of the basin, 550 to 560 feet above tide. The bed 
of the Chicago outlet is nearly 500 feet, thus leaving about 60 feet 
depth of erosion. Passing westward the broad bed of the Chicago 
outlet declines nearlv 60 feet in the fortv miles between the west 
border of the basin, just mentioned, and the bend of the Illinois 
near Hennepin. Whether the valley had the same gradient at the 
time the accession of lake waters occurred is not known, but it 
could not have been greatly different, for the glacial terrace just . 
above Hennepin stands about 30 feet lower than the beach lines 
of the Morris basin, and this terrace was, in all probability, eroded 
the remaining 30 to 40 feet necessary to give a similar gradient. 

The w^idth of the outlet between Morris and Hennep'in aver- 
ages about U miles. The excavation is largely in a soft sandstone, 
there being nearly continuous rock bluffs to a height of 60 to 75 
feet above the level of the bed of the outlet. This sandstone 
presents much less resistance to stream action than the firm 
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Niagara limestone, its resistance, therefore, may not be markedly 
greater than that of the beds of glacial drift. 

As noted above, the level at which excavation by lake waters 
began in the section below the great bend of the Illinois, is less 
than loo feet above the present stream, since the glacial terraces in 
which the lake outlet was excavated seldom reach a level loo feet 
above the bed of the outlet, while below the mouth of the Sanga- 
mon they rise scarcely 50 feel above that level. If the 30 feet of 
filling estimated by Prof. Cooley be added it seems a liberal esti- 
mate to allow 75 feet of average excavation in this lower section of 
200 miles. It may not have been more than two-thirds that 
amount. The width of the outk-t in this lower section ranges from 
two up to about five miles, with an average of perhaj)s three miles. 
This excavation is in a loose, easily eroded bed of sand and fine 
gravel, which had been de])osited largely Ijy glacial streams. 

Sunnning up the above estimates, it appears that the outlet 
has a width ranging from one mile up to about fL\L' miles, and a 
depth ranging from 20 feet up to 70 feet. Its length from Summit 
to the mouth of the Illinois is 300 miles. The excavation is prob- 
ably not less than three cubic miles. With the exception of about 
fifteen miles between Lemont and Joliet and forty miles between 
Morris and Peru, where rock strata have been eroded, the excava- 
tion is almost entirely in beds of drift. The width varies with the 
resistance to erosion, being least in the section where the Niagara 
limestone was eroded and greatest where there were only drift 
beds to remove, while in the sandstone the channel is of inter- 
mediate breadth. The breadth is also to some degree dependent 
upon the slope of the bed, being narrower in the ])ortions, with 
rapid fall, than in portions having a low rate of descent. 

Throughout the entire length of the outlet the bluffs are steep, 
like a river bank, and deposits made by side streams on the edge 
of the valley are very meager, a feature which indicates that the 
stream had great volume, probably filling the channel from bluff 
to bluff, and a current sufiicienlly strong to carry away nearly all 
the detritus brought into it by the side streams. 

The rapids between Romeo and Joliet occur in a section where 
the limestone is friable, and it is thought by i Vofessor Cooley that 
the friabilitv is such that falls could not have been maintained, or 
even established. The removal of this, the main barrier in the 
course of the outlet, it is estimated, would require the excavation 
of a channel in rock only about 20 miles in length and 25 to 75 feet 
in depth. Of this excavation scarcely one-tenth part was accom- 
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plishcd by the lake outlet. Being the outlet from a lake, however, 
its waters probably carried but little sediment in this portion, a 
feature which should be weighed in discussing ihe slight amount 
of excavation. Whether a stream of nearly clear water could have 
accomplished the slight excavation here displayed in the course of 
a few thousand years remains to be determined. 

Turning to Niagara River, where the work accomplished in 
a few thousand years by a clear stream is open to investigation, it 
is found that the recession of the Horseshoe Fall is due almost 
wholly to undermining, and that the American Fall, in which there 
is little undermining, is nearly stationary. The cutting on the 
rapids above the Falls is also very slow and amounts to but a few 
feet in average depth. 

Professor Cooley has called my attention to the deposits at 
the head of Lake St. Clair as likely to furnish an index of the 
amount of sediment transported by the Chicago outlet. A delta, 
with an area of several square miles, has been built in the head of 
Lake St. Clair, which must have derived the bulk of its material 
from southward moving littoral currents along both the borders 
of Lake Huron. In the' lake under discussion littoral currents 
along the west border would have transported material probably 
in as great volume as on either shore of Lake Huron, but those 
on the east and south may have contributed less, for wind drifting 
there is very eflFective. It seems legitimate to assume that at least 
half as much sediment was being transported down the Chicago 
outlet as is carried by the St. Clair River. The waters of the 
Chicago outlet would be probably more turbid than the Niagara 
and less turbid than the St. Clair. Prof. Cooley thinks the contri- 
butions of sediment to the outlet through the Des Plaines were of 
little consequence, for this river has, since the lake waters were 
withdrawn, made scarcely any filling of the outlet below River- 
side, where its delta would naturally accumulate. The accession 
of larger tributaries below may have rendered the stream slightly 
more turbid than on the rapids, and the rate of rock excavation 
would have been correspondingly accelerated. 

It should not be inferred that this outlet is entirely free from 
river debris. l>eginning at the upper beach, near Summit, there 
is for several miles a mass of coarse material, largely limestone 
blocks, too large to have been transported by the current, covering 
the bed of the outlet. The Drainage Canal exposes excellent sec- 
tions of the coarse river debris from Summit to Lemont, there 
being only limited areas in this interval, where the solid rock comes 
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to the surface. (See Figs, i and 2.) Below Lemont the hare rock 
forms much of the floor as far as JoHet. From JoHet to tlic head of 
the IlHnois perhaps half the floor is covered with deposits of drift 
and river debris, so that the (Hstance to rock is not known. The 
remainder is either hare rock or rock with a very thin (le[)()sit of 
coarse river debris, with a Hl)eral sui)i)Iy of bowlders of Canadian 
derivation. In the Morris basin the rock is larj^a^ly shale. This 
has been eroded in places by the current and the hollows filled with 
sand and gravel. From the Morris basin to the bend of the Illinois 
the rock floor, mainly sandstone, is generally swe])t clean. The 
St. Peter sandstone of this section is oi such a texture as to break 
up rapidly into its constituent grains and these, as fast as they 
were set free, would have been carried by the strong current down 
to the lower Illinois, and probably on into the Mississippi. The 
Lower Illinois has only sand and silt in its bottoms. This section 
is now in process of silting uj), the current being too sluggish to 
carry away the material brought in from the upper ])ortion of the 
stream. 

In connection with the river <lebris should be mentioned 
accumulations of bowlders. The most conspicuous accunudati(3n 
noted is that on the borders of the Sag outlet, just east of the point 
where it enters the moraine and northeast of the village of Worth. 
An area of perhaps a square mile is so thickly strewn that one 
might almost step from stone to stone ( )ver its entire extent. There 
are, it is estimated, more than i.oao bowlders ])er acre. Surface 
bowlders are not rare in other portions of the old lake bottom, 
where sand de])osits are thin or wanting, there being, perhaps, 100 
per square mile on the })art of the lake bottom, where till is ex- 
])Osed. There seems, however, to be a tendency to aggregation 
at the entrance to the old outlets. This feature suggests that float- 
ing ice has been influential in their distribution, though there may 
have been a large niunber brought by the ice sheet, the head of the 
outlets being near the inner border of the X^alparaiso moraine. 

Some very large bowlders have been found along the Drain- 
age Canal, two of which are shown in the accom])anying view 
CFig. 1). The large ones occur in most abundance where the 
Valparaiso moraine crosses the outlet. I'owlders are very numer- 
ous for a few miles above the junction of the Des Plaines with the 
Kankakee, both in the lake outlet and the districts south. The 
cause for their abundance there is not satisfactorily determitied. 
They seldom reach the large size which bowlders in the Valparaiso 
moraine present. 
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THE OliACIAIi liAKB CHIOAOO. 

During the past ten or twelve years evidence has been grachi- 
ally accumulating which points to the existence of several g^lacial 
lakes held on the north by the ice sheet and having southward dis- 
charge over the lowest points in the rims of the basins w-hich they oc- 
cupied. The area of these lakes would naturally be variable, since a 
part of the boundary was formed by an oscillating ice sheet. The 
outlets of the lakes would also be liable to change on account of the 
covering of certain low outlets in the early stages which were ojkmi 
to discharge in later stages. A change in the extent and the outlets 
of the lakes, it appears, has also been produced by a warping of the 
crust or differential uplift in the region they occupy. The compli- 
cations are therefore great, and as yet the full history is not worked 
out. Enough is known, however, to make certain that the general 
direction of retreat of the ice sheet was northeastward. The 
southern and western ])ortions of the Great Lake basins were, 
therefore, the first to become free from ice and occupied by glacial 
lakes. 

While the ice sheet was covering the present outlets of Lakes 
Superior and Michigan, these lakes had no connection with each 
other, nor with the lakes to the east, and their discharge was south- 
ward or southwestward into the Mississippi, from the present 
heads of these lakes. A small district west of Lake Erie was also 
occupied by a lake that discharged southwestward to the Wabash. 
Upon the withdrawal of the ice sheet from the southern peninsula 
of Michigan and the southern ])ortion of the Lake Huron basin, 
the lake at the western end of Lake Erie became expanded and a 
line of discharge was opened eventually from Saginaw Ray across 
the southern peninsula of Michigan to the Lake Michigan basin, 
and this being lower than the outlet to the Wabash, that outlet was 
abandoned. The waters of the Lake Huron basin being held at 
a somewhat higher level than those of the Lake Michigan basin, 
the flow of water was from the former to the latter. The glacial 
lake, which discharged across the southern peninsula of Michigan 
extended over the district between Lake Huron and Lake Erie, as 
well as the Lake Erie basin and the low district bordering it on 
the south and west. Tt apparently did not extend far into the 
Ontario basin, as a studv of moraines indicates that the ice sheet 
occupied that basin at the time of this discharge. It thus appears 
that the Chicago outlet at one time was the line of discharge for an 
area much larger than the present Lake Michigan basin. 
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When the ice sheet withdrew from the Ontario basin an cast- 
ward outlet was opened by the Mohawk. The Erie and Huron 
basins were then made tributarv to the Mohawk and TTudson. and 
it is probable tliat they never afterwards (Hschari^e<l into the Lake 
Michij2;an basin. There are, however, complications not yet fully 
understood, arising in lari^e part from the differential uplifts of tlie 
reg^ion, which may have resulted in a brief flow of the waters west- 
ward along the straits of Mackinac after the ice had withdrawn 
from the northern end of the Lake Michij^an basin. 

The working out of the lake history has also brought evidence 
that the Lake Michigan basin was for a time free from water in its 
southern end far within the linuts ot the present shore of the lake. 
This low stage of the southern end of the basin, it a])pears, w^as 
due not so much to thq shrinking of the lake as to lower elevation 
in the northern latitudes, for at that time the lake a]>parently stood 
above its present level at the north end of the basin. The evidence 
now at hind points to a general northeastward elevatory move- 
ment, following more or less closely the retreat of the ice sheet. 
While, therefore, the retreat of the ice sheet opened low^ outlets to- 
ward the ea.st and thus led to the withdrawal of the water from the 
southern and western end of the lake basins, the succeeding uplift 
at the northeast, complicated by conditions which cannot well be 
entered into here, raised these outlets sufficientlv to cause the 
water to be thrown back and give these lakes their present extent. 

TheintroductionofthenameLake Chicago, for the glacial lake, 
which was held in the southern end of the Lake Michigan basin, 
seems convenient, if not necessary, inasmuch as its area was not 
coincident w^ith that of Lake Michigan, and its outlet was in the 
reverse direction. It is also in keeping with the custom of students 
of glacial lakes, who find it advantageous to have a special name for 
each of the temj)orary bodies of water in the several basins. The 
name. Lake Chicago, seems especially pertinent, since the glacial 
lake extended about as far beyond the present limits of Lake 
Michigan, in the vicinity of Chicago, as at any part of its border. 
It is also a name which readily suggests the position of the lake, 
and it is in keeping with the name which has come into use for the 
outlet, namely, the Chicago outlet. 

The name Lake Chicago is applied ])rovisionally to all the 
stages at which there was a southwestward outlet, but it is not yet 
certaiti whether they were all formed during the occupancy of a 
portion of the Lake Michigan basin by the ice sheet. This ques- 
tion is discussed at some length further on. 
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The study of the beaches of this glacial lake is not sufficiently 
complete for me to indicate its precise relations to, or points of 
connection with, the ice sheet. My study has been carried no 
farther north than to the line of Illinois and Wisconsin on the 
west side and to a corresponding latitude on the east side of the 
lake. Prof. Chamberlin's studies left the precise extent of the 
higher beaches undetermined. Mr. Taylor's observations have 
been confined to the northern portion of the basin, and as yet no 
one has examined the intervening district, with a view to determin- 
ing the limits of this glacial lake. Probably the most favorable 
field for investigation will be found on the Wisconsin side, since 
the extensive deposits of wind-drifted sand on the border of the 
lake in Michigan make it difficult to determine the extent of water 
action. The long stretches of high bluflf, however, interrupt the 
beaches so greatly that some difficulty is anticipated in making 
precise correlations on the Wisconsin side. 

The Upper or Glenwood Beaeh — ^This beach receives its 
name from the village of Glenwood, on the Chicago and Eastern 
Illinois Railroad, a few miles south of the limits of Chicago. The 
name has been selected (i) because the beach is especially well 
developed at that village and (2) because, being near the State line 
of Indiana and Illinois, the name will be familiar to residents of 
cither State. 

In the TUinois portion of Lake Chicago this beach is present, 
except for a few miles between Waukegan and Winnetka, where 
the lake shore is now farther west than it was at the time this beach 
was formed. In Indiana the beach is present throughout the 
entire extent of the border of Lake Chicago in that State, being 
nowhere less than two and in places twelve miles back from the 
shore. In Michigan it is absent for a short distance at the *'clay 
banks," north of New Buffalo, where the present shore stands 
farther east than the shore of Lake Chicago. It is also absent for 
the same reason for a few miles near the line of Berrien and Van 
Buren Counties, north of St. Joseph, Michigan. Tracing in detail 
the course of this beach is as follows: 

From the Wisconsin line southward to South Waukegan, 
it stands onlv one to two miles back from the shore of Lake 
Michigan, and comes out to that sliore at the point where 
the bluff of till sets in south of Waukegan. This bluff of 
till stands above the lake level as far south as Winnetka. 
From Winnetka a cut terrace, nearly 20 feet in height, extends 
south along the face of the east till ridge, noted above, to its ter- 
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minus, perhaps one mile from the point where the terrace departs 
from the present shore of the lake. From the terminus of this 
ridge a bar was built out south westward five or six miles, ter- 
minating about a mile east of Chicago River, in the western part of 
T. 41, R. 13, E. The bar sends out two prominent spurs to the 
west, a distance of nearly one mile. These probably mark the 
termini in its earlier stages. The average width of this bar is about 
one-fourth mile, and it was buik up to a height of lo to 20 feet 
above the bay back of it. It consists largely of gravel, but has a 
liberal admixture of sand. The bay back of this bar extended to the 
valley of the Chicago River and had a width of two to three miles. 
The northern end finds a narrow extension northward, in Skokie 
marsh. The sitg of this old bay is now largely under cultivation, 
though some portions are vStill marshy. 

The question naturally arises whether this accumulation of 
gravel and sand was formed by the lake currents and waves, inde- 
pendent of the Chicago River, or was largely formed as a delta 
from tliat stream. This deposit is not in the form of a delta built 
up at the debouchure of the river into the lake, but lies some dis- 
tance to the east of the river vallev. Moreover, to make it still 
more evident that it was the lake and not the river which con- 
tributed the great bulk of the beach deposit, it is found that the 
river valley above the point where it entered the old lake has very 
little assorted material, such as would accumulate above a delta. 

The beach appears on the west side of the Chicago River, 
Sec. 19, T. 41, R. 13 E., about a mile northwest from the terminus 
of the bar. From tliis point southward to Oak Park the shore is 
usually a cut terrace (see Fig. 8), with a bank ranging from 6 to 25 
feet in height, with occasional deposits of beach gravel and sand 
along its front. At Oak 1 *ark there is an extension of gravel down 
the east side of the Des Plaines River similar to that of the bar east 
of the Chicago River, noted above. A ridge or bar 20 to 40 rods in 
width and 10 feet or more in height extends from Oak Park south 
about two miles to the soutli part of Sees. 13 and 14, T. 39, R. 12 
E.. and there terminates abruptly with a level nearly 20 feet above 
the plain on its immecHatc borders. 

Passing to the west side of the Des Plaines River, the beach 
appears about a mile above the southern end of the bar just de- 
scribed and passes in a curving course westward through 
the south edge of Maywood, in Sees. 14, 22, and 16, T. 
39, R. 12 E. This portion of the beach is only two 
to four feet in height, and at the west it fades out completely. 
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Its faintness in this district is probably due, in part, at least, to the 
protection from wave action occasioned by the bar just described. 
Upon passing south and crossing Salt Creek, about a mile from 
the point where the beach fades out, it reappears as a well-defined 
ridge, composed of sand and gravel, rising from lo to 12 feet above 
the border of the plain on the east, and having a breadth of 30 to 40 
rods. Following this beach southward, it changes in 
about a mile to a cut terrace, which is well defined from that point 
southward to the lake outlet, a short distance south of LaGrange. 
Its course is through the eastern part of "the city of LaGrange, 
where it is in the form of a cut terrace, with bank 10 to 15 feet in 
height. 

Passing to the west side of the outlet, nean Willow Springs, 
the shore line is found as a cut terrace along the east face of the 
prominent morainic tract which occupies the interval between the 
two outlets of the lake. Though mainly a cut terrace the moraine 
is flanked occasionally by deposits of gravel and sand. 

South from the southern, or Sag, outlet the shore is carved on 
the inner face of the Valparaiso moraine with banks 5 to 20 feet, or 
more, in height, but with only occasional deposits of gravel and 
sand. Upon approaching the State line, however, near Glen wood, 
the shore bears away from the moraine and deposits of gravel and 
sand are built up to a height of 6 to 12 feet or more. These arc 
sometimes in the form of a single ridge, but not infrequently a 
series of parallel ridges occur, separated by narrow sags. 

The effect of the waves at this lake stage is discernible on 
the borders of Blue Island till ridge, though the w-estern border is 
characterized by dunes which conceal to some extent the action of 
the lake. 

Upon ])assing into Indiana the beach soon becomes sandy, 
like the shore of the present lake, and dunes with an elevation of 
10 to 25 feet are formed throughout much of the course in that 
State. These dunes, in places, have drifted out for a mile or more 
beyond the old lake border, reaching elevations somew-hat higher 
than the level of the lake. There are occasional points where 
gravelly deposits have been found in connection with this shore 
in Indiana and also in Michigan, but the sand, as a rule, conceals 
the shore products of the lake. One of the best instances noted of 
a gravelly beach formed at this stage is at Sawyer, Michigan, a 
few miles south of St. Joseph. The beach is wxll exposed by a 
wagon road leading west from the village, about 100 to 120 rods 
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west from the railw'ay siaiiuii, and at an elevation 55 to 60 feet 
above the lake. 

Near the mouth of the Kalamazoo River, in Michigan, there 
are extensive sand plains standinj^ i>(; to kk) feet above the lake, 
which seem to have been occupied by lake water. The sand de- 
posits extend back nearly to Allegan, on the Kalamazoo, and 
southward from the Kalamazoo to I'aw l*aw River, near 
Hartford, occupying a strip of lowlands back of a moraine that lies 
near the lake shore. Tliev mav have been formed at an earlier 
stage than the beach under discussion, in a narrow lake held be- 
tween the ice and the higher land to the east. It seems probable 
that a small lake would have appeared during the formation of this 
moraine. In the present stage of investigation it is scarcely legiti- 
mate to assume that Lake Chicago reached so high a level there, 
a level about 40 feet above that of the beaches at the south and 
west borders of the lake. 

There is very little range of altitude shown in the Illinois por- 
tion of this beach, the variations being scarcely more than may be 
attributed to the lluctuatious in tlie lake or to storms. The follow- 
ing presents the railway elevations in succession, from north to 
south, at points w-herc this beach is crossed : 

Table of Altitudes along the. Upper or Glen wood Beach. 

Station. Kailwav. ^^^^ETA/r.* 



Wiunetka, C. & N. \V. 



\ 658 
) 64(1 

Oak (lien, C, M. & St. P. <;31 



Norwood, C. \ N. W. 



\64() 
"/ 626 



Galewood, C, M. A- St. P. -J ^23 

May wood, C, St. P. & K. C. 636 



La Grange, C. B. «k i^. 



\ 645 
'I 627 



Border of /, p r . ,> \ 658 

Moraine, i . 1.. 1. .v i . -^ g.^^ 

Homewood, 111. Cent. 666 

Glenwood, 0. it E. 1. G36 

Dyer, Ind. . L. N. A. A C. 63<; 

In the above table, where two elevations are i^nven, the lower 
marks the base of the cut terrace an<l the u])per the brow. It is 
probable that the lake level was but a few feet above the base. In 
the Illinois portion it may safely be assumed to be 635 to 640 feet 
above tide or about 53 to 58 feet above the level of the present lake. 
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A few gravel pits have been opened in this beach. Probably 
the most extensive is Haas' pit, near T'orest Home Cemetery, one 
mile south of Oak Park. This is opened in the bar described 
above as leading southward on the east side of the Dcs Plaines 
River. The excavation extends from the east side of the bar west 
past the center and shows beds dipping at various angles, but all 
towards the east. Some of the beds increase in thickness as thev 
descend, but the lower bed which is mainly sand decreases in thick- 
ness in passing from the higher to the lower part of the bar. It 
appears to be a sand bar upon which the coarser beach deposits 
are built. The following section was obtained at the south side of 
this gravel pit and shows the structure at that particular place 
only, for Mr. Haas states that the material of the same bed may 
vary greatly in coarseness within the space of a few feet. The dip 
of the beds, however, is uniformly toward the east, throughout the 
entire extent of the pit, which covers an area of several acres: 

1. Brown-staincd pravel, capping suniniit and slope. ..... t8 to 30 inches 

2. Fine gravel, fresh or stained but little. ...... 24 to 48 

3. Sand, very thin at top, but increasing toward side of bar o to 36 

4. Fine gravel, increasing like No. 3 o to 48 

5. Fine gravel, nearly 4 feet in thickness, which passes 

upward from near the ea.st side of the excavation, as- 
suming a nearly horizontal position beneath the crest 
of the ridge • . 40 to 48 

6. Sand, thickening toward the higher part of ridge 6 to 36 



t« 



t » 



«• 



<» 



Mr. Haas reports that shells of the size of unios and also 
smaller molluscan shells have been found in the bed of sand at the 
bottom of the pit. The larger shells were thought by him to be 
unios. A shell, however, which he sent to the writer proved to be 
the ordinary oyster. This unexpected development raises the 
question w^hether this particular shell was in situ at the time it was 
discovered, if it does not render doubtful the occurrence of any 
native shells in this bar. l7pon visiting the region again and in- 
quiring particularly into the circumstances, there seems little ques- 
tion that the shell was picked up near the base of the pit by some 
of the w:orkmen, but it was found that there are a few Indian gpraves 
on the bar, which extend down nearly to the level of the base of 
the pit. The shell, therefore, may have been introduced at the 
time of burial of some brave warrior, or it may have been of more 
recent introduction. This is apparently the only place along the 
entire length of the upper beach where molluscan shells have been 
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found, and this negative evidence strengthens the view that the 
shells at this pit may be intrusions. Remains of terrestrial life have 
also been found here. Mr. I laas preserved frae^ments of the tooth 
of a mammoth found in the j^ravol ])it at a <le])tli of several feet. 
These fragments are watcrworn, and it seems, therefore, quite 
probable that they were imbedded durinj^ the formatirMi of the 
beach. 

Another gravel pit has been <)])encd in the beach between 
Salt Creek and LaGrange, in which the excavation extends from 
the east side of the beach westward nearly to the outer slope. It 
has a depth of 12 to 14 feet in the dee])est i)art. and ex])oses a series 
of beds dipping slightly toward the east. The u]>per five feet is of 
brown stained gravel. The lower ])ortion is a tine gravel, with 
very little stain. Tn the gravel there are sandy pockets and also 
thin beds of sand. These sandy ])ortions, in some cases, slunv a 
slight effervescence with acid, but are not nearly so calcareous as 
the sand found at similar de])ths in glacial de})osits. 

Interval of Emergence. — After the (Hen wood beach was 
formed the lake ap})ears to have withdrawn from the plain between 
the beach and the shore of Lake Michigan, in Illinois. How much 
farther north it withdrew is not accurately determined. Professor 
Chamberlin recognized evidence of emergence between the forma- 
tion of this beach and the second beach, in Southeastern Wisconsin. 
That it withdrew so much in the northern end of the Lake Michi- 
gan basin as in the southern seems im])ro])al)le from the evidence 
drawn from tilting, it being found by Mr. F. I). Taylor that that 
portion of the basin has been uplifted more than the southern. 
Whether this emergence is to he comiected with the lake stage, 
known as the Algoncjuin. is not yet ascertained, though that seems 
a probable correlation. 

The evidence for this emergence within the Chicago area is 
found in beds of jHMty material that occur beneath gravel of the 
succeeding lake stage, as long since noted by Dr. Andrews and 
discussed in his pa])er cited above. In \\'isconsin the evidence is 
in clav beds, which seem to have hvvu left in a retirini^ water 
body, and which are covered by beach deposits of the succeeding 
lake stage, as pointed out by Prof. Chamberlin in his official report 
of the Wisconsin Geological Survey. There is need for further 
study of this interval in the lake history before conclusions of 
much consequence can be drawn. 
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The Second or Calumet Beach, — This beach throughout 
much of its course in Indiana and for a short distance in Illinois 
follows the south border of the Calumet River, and because of this 
close association the name Calumet seems appropriate. It stands 
about 20 feet lower than the Upper beach, and its course in the 
Illinois portion of the region traversed by it is indicated on the 
accompanying map (Plate 3). From the Wisconsin line southward 
to Chicago River it is closely associated with the Upper beach, 
wherever that beach remains. From the Chicago to the Des 
Plaines River it is separated from the Upper beach by an interval 
of li to 3 miles. The outlet at this stage was at the Des Plaines 
River, between the villages of Riverside and Summit, and the 
beach gravels are well developed for a short distance below Sum- 
mit on the east side of the outlet. The beach leads somewhat 
directly southeastward from Summit to the north end of Blue 
Island ridge and then southward along the east side of the ridge, 
past Washington Heights to the Calumet River, two or three 
miles east of Blue Island. The Sag outlet had its head at this time 
in a wide opening between the Calumet and Thornton. Immedi- 
ately east of Thornton the beach reappears in its customary 
strength and passes thence eastward across Lake County, Indiana, 
following the south border of Calumet River at an average dis- 
tance of perhaps a mile from this stream. In western Porter 
County, Indiana, near the line of Portage and Westchester Town- 
ships, it crosses to the north side of the river, and its course from 
that point eastward across Porter and northwestern LaPorte 
Counties is nearly parallel with the present shore of Lake Michi- 
gan and distant from it two to three miles. In Michigan it borders 
the lake even more closely, as far north as observations were 
carried (to latitude 42 degrees, 30 minutes), being found usually 
within a mile or two of the lake shore. 

This beach extended a conspicuous bar out some distance into 
the lake above Chicago. Its northern end is found at the lake 
shore between Wilmette and Fvanston, and leads thence south- 
ward through the west part of Evanston to Rose Hill Cemetery, 
and there turns abruptly westward and terminates at the village 
of Bowmanville, on the east bluff of Chicago River. It is probable 
that this bar was attached to the old shore at some point farther 
north than its present terminus, a portion of it having been re- 
moved by the encroachments of Lake Michigan. The bay back 
of this bar had a width of one to four miles and a depth of 15 to 20 
feet in its deepest parts. Portions of it were so shallow as to be 
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marshy. Notwithstaiulini::: the presence of this bar the beach back 
of it seems to have l)eeti acted upon by lake waves with nearly 
as much vigor as the portioti of the beacli fartlier soiitli, which 
was not thus protected. Tlie bar is much stroii.i^er than any ])art 
of the beach proper, bein^ lo to Jo feet in luii^dit and nearly one- 
fourth mile in average breadth — if the sand and gravel on its 
borders arc included. 

The second beach is, on the whole, characterized by larger 
deposition than the up])er one, there being throughout nuich of its 
extent a line of sandy gravel, 5 to 10 ro<ls or more in width and 
2 to 5 feet in height, but it has less conspicuous cut terraces. Its 
strength is greater in the vicinity of the tiorthern outlet and on the 
north side of the southern oiulel than at ])oints between or outside 
the outlets. In Illinois and Michigan, however, it is heavily cov- 
ered with sand, which is ])robably in large part winrl drifted. These 
accumulations of sand in places reach the height of ^^o to 40 feet. 

Occasional reports of the discovery of a niolluscan shell in 
this beach have cotne to my notice, but none have been ])ers()nally 
noted. In this respect it is similar to the rp])er beach, but in 
striking contrast with the next lower beach, which is full of fossils. 

An excellent exposure of the structure of the bar noted above 
is found immediately north of lu'anston. where the lake is under- 
mining the bar as well as subjacent deposits. The beach sands 
and gravels rest upon a bed of ])eat. which was noted by Dr. 
Andrews and interpreted by him to be the accunndation of a marsh 
or partially sunuuerged land surface. The peat not otdy underlies 
the bar under discussion, but extends eastward across the interval 
between it and the I'hird beach. Its level is n<\) higher than that of 
the Third beach, being but 12 to 15 feet above the preseiU level of 
Lake Michigan. The peat is in ])laces several feet thick, but at the 
point where the bar comes out to the lake shore it has a thickness 
of only 3 to 6 inches. It contains pieces of mangled wood and has 
been disturbed by waves. I>etween the peat and the vellowish blue 
till, which forms the base of the ex])osure. there is a gravelly sand 
6 to 18 inches in thickness, which appears to be a lacustrine (le])osit. 
The peat is immediately overlain by about 5 feet of sand, above 
which there is a l)ed of coarse gravel. The gravel is thin near the 
borders of the bar, but has a thickness of 11 to 12 feet beneath the 
highest part. It is cap])ed by a thin deposit of .sand and has layers 
of sand interstratified with it in its thickest ])art. The presence of 
this gravel makes it impossible to suppose that the old land surface 
has been buried by the drifting of material from the lower beach. 
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There seems no escape from the conclusion that the lake stood at 
a lower stage than the level of the second beach before that beach 
and the bar under discussion were formed. 

The Third or ToUeston Beach — This beach receives its name 
from the village of Tolleston, situated in Northw-estern Indiana at 
the crossing of the Pittsburg, Ft. Wayne and Chicago Railway anci 
the Michigan Central Railway, at a point immediately south of the 
extreme head of Lake Michigan, and distant only 2i miles from the 
head of the lake. It is more complex than either of the higher 
beaches, and it becomes a matter of no small difficulty to determine 
what beaches should be included with this lake stage. There are, 
by actual count, 32 beachlets crossed on a X.-S. line about three 
miles east of the State line of Illinois and Indiana. The outer 
line of this series is usually much stronger than the others and 
stands a few feet higher, and hence is considered the main line. 
The village of Tolleston and also liessville and Miller Station, in 
Indiana, are situated on the outermost or main line. 

Many of the beachlets situated between the main line and the 
shore of Lake Michigan stand only 10 to 12 feet above that lake, 
and, as shown further on, seem to have been formed after the 
southeastward outlet was abandoned. This being the case they 
should not be referred to Lake Chicago. The Third or Tolleston 
beach, as here described, includes only such beaches and bars as 
have sufficient elevation above the sill of the Chicago outlet to 
indicate that they are connected w^ith that outlet — beaches whose 
elevation is 18 to 25 feet above the level of Lake Michigan. 

The portion of the shore of this lake stage, in Lake County, 
Illinois, is closely associated with that of the higher lake stages, 
and consists of a gravelly deposit flanking the foot of the cut ter- 
race. In Cook County this beach appears on the grounds of the 
Northwestern University, in Evanston, and for several miles feouth 
it lies near the east border of the bar formed at the next preceding 
lake stage. From Rose 1 1 ill Cemetery southward it is beyond the 
limits of the bar, but is perhaps itself a bar built out southward 
into a bay now traversed by Chicago River. It appears to have 
reached some distance south at an early part of this lake stage, for 
no well-defined beach appears on the west side of the bay back of 
it. This bar lies within a mile of the present shore of Lake Michi- 
gan and is readily traced as far south as Lincoln Park. The bar 
is said to have been nearly continuous through the city of Chicago, 
but it is now obliterated from Lincoln Park southward nearly to 
the Douglas Monument, and I have been unable to obtain a map 
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or other accurate data showing its former extent. The bar is pre- 
served from the Douglas monument southward to Englewood, a 
distance of four or five miles. This portion consists of a series of 
overlapping ridges, of which tlic \vcsiernni<.»si or earlier terminate 
further north than their succt >sors on th.e cast. At the termination 
of each of these ridges a houk turns «.»ut to the west into the bay 
that was inclosed bv the l>ar. An ouiKt seems to have been main- 
tained toward the Dl^ lMaine> around the southern end of this 
bar, until it reacheil lln^lcwood. This may not have been closed 
until the water level had drup])ed loo low for a discharge to the 
Des Plaines. 

Passing across the outkl marsh from Englewood to South 
Lynne, a continuation of this beacli is found. It leads in a course 
east of south to South Knglcwood and thence more easterly across 
the northwest corner of L'alumet Township into Hyde Park, com- 
ing to the Illinois Central Railw ay a short distance north of Pull- 
man. I'Vom this point a gravelly ridge is traceable southward 
past the north border of Lake Calumet, where it dies out in the 
marsh. A slight beach is formed to the northeast from here on 
Stony Island, between Lake Calumet and South Chicago. But the 
main line of this beach is found west of Lake Calumet, running 
north and south through the west parts of Pullman and Kensing- 
ton, where it usually has the form of a cut terrace, with banks lo 
to 15 feet in height, but changes to a gravelly and sandy beach at 
the south. This beach comes to the Calumet River at Riverdale, 
w^iere it connects with the Sag outlet. It reappears on the south 
side of the river at Dolton and passes thence southeastward into 
Indiana. Its course in Lake County, Indiana, is eastward through 
Hessville and Tolleston and Miller. In l*orter Cotmty it contiimes 
with a slight deflection to the north, keeping parallel to the shore 
of Lake Michigan, and enters LaPorte County near the south edge 
of Michigan City. A short distance northeast from Michigan City 
it becomes merged with the dunes of the present shore, and no 
attempt was made to separate it beyond that city. 

The Illinois portion of this beach consists mainly of fine 
gravel, which is usually well worn, but in places has considerable 
angular material, as if formed rapidly and subjected for but a brief 
period to the action of the lake waves. The low district along 
the Chicago River back of this beach has received quite generally 
a coating of sand several feet in depth, and the marshy tracts in 
H\de Park and Lake Townships are also covered with sand to a 
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depth of several feet. Excavations have shown, however, that till 
usually sets in at a depth of lo to 20 feet or less (1). 

In Indiana this beach, like the present shore of Lake Michi- 
gan, is very sandy. Its dunes, however, seldom reach a greater 
height than 50 feet, or but one-third to one-quarter the height of 
dunes on the present shore. Wells along it have occasionally en- 
countered a bed of gravel at the base of the sand at levels, corre- 
sponding with the gravelly beaches of the Illinois portion. 

One of the best exposures of this beach in the Chicago area 
is found at the border of the campus of the Northwestern Uni- 
versity at Evanston. The following sections, one taken by Dr. 
Oliver Marcy, of Northwestern University, in 1864. at which time 
there was a peculiarly good exposure, the other taken by the 
writer in 1887, at which time there was a less extensive exposure, 
show a slightly different section. The beach in this interval had 
suffered an erosion of perhaps 75 or 100 feet. 

Seetion of Beach at Evanston made in 1884. 

1. Surface soil, sandy 1% feet 

2. Brown sand and fine gravel 2Vj ** 

3. Coarser gravel, stratified. 2V2 

4. Fine sand 2 

5. Gravel, containing bones of deer. i 1-3 

6. Fine sand, containing oak logs il-a 

7. Peat or carbonaceous earth with a marl bed containing 

molluscan shells in the lower portion or interstratified 

with the peat I'-i 

8. Gravel 3V4 

9. Humus soil, with stumps and logs (coniferous) % 

10. Yellow clay, laminated and contorted, containing pockets of 

gravel 3^^ ** 

1 1 . Blue, pebbly clay 2 . " 

Height of bluff 22 feet 

Section of Beach at Evanston in 1887. 

Feet. Inches. 

1. Yellowish-red, iron-stained sand • • 3 to 5 

2. Band of bog iron ore, granular 4 to 6 

3. Gravel, with beds of sand included (the stratifica- 

tion is very irregular in thickness and assorting 

very imperfect) 5 to 7 

(1) Th« writer is indebtf-d to Mr. W. C. Hol.len of the U. S. Geologlcftl Rurvey 
for many data roncernlnff the (Ustrlbution of the sand and for access to the Boourate 
mHi»s of the Ph'istoeeno dei)oBlt9 in Chiciigo. which he huH prepared for the Survey 
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4. Coarse sand, not calcareous 6 to i j 

5. Calcareous loam • • 3 

6. Yellow clay, very calcareous, with leaves im- 

bedded 3 

7. Carbonaceous band, not calcareous 2 

8. Yellow calcareous clay, similar to Nu. ^) 4 10 6 

9. Band of carbonaceous material, not calcare()nN. , j 

10. Brown sand, with twigs and peaty material S to 10 

11. Water bearing sand and talus-covered slope H 

Height of bluff . . jo to jj feet. 

The calcareous clays, Nos. 6 and S, of the last section, and 
Nos. 6 and 7 of Dr. Marcy's section, contain mnnerous j^^asteropod 
shells. Dr. Marcy has collected a larj:,^' number of shells from this 
horizon, among which there are L^nios, api)arenlly of several dif- 
ferent species, but not sj>ecitically ideiuihed. Mr. C T. Simpson 
has identified nine different genera of mollusks, all of existing 
species, found in Nq. 7 of Dr. Marcy 's section. IManorbis and 
Lvmnea are verv abundant. IVof. D. \\ Penhallow has identified 
two wood specimens, one a new species of Picea ( Picea Kvanstoni), 
the other a new oak (Quercus Marcyana) ( i ). The bone of the 
deer, found by Dr. Marcy, is a ])ortion of the femur. The writer 
has found many localities in the sandy ])ortions of this beach, where 
molluscan shells abound. Nearly every exposure in the sandv dis- 
trict west of the beach, from the main i)arl of the city of Chicago 
southward to Knglewood exhibits them. This Ix'ach is, therefore, 
in striking contrast witli the two liigher beaches, which contain 
few remains of aquatic life. 

An excellent artificial section across tliis beach, made bv the 
Fullerton avenue conduit, which leads from tlie Chicago River 
eastward to Lake Michigan, across the north i)art (»f Chicago, is 
discussed above. The deposit throughout is mainly sand, 
but some gravel is encountered. Shells of I'nios and t)ther mol- 
Uisks were noted at frequent intervals throughout nearly the whole 
width of the deposit. J^)eneath these beach dej^osits there is every- 
wdiere a pebbly blue-gray clay, ai>i)arently an unmodified glacial 
till. Some of the sewer ditches in Hyde I^ark, west of (irand 
boulevard, have reached ])eat deposits below sand, at a level a few 
feet above the lake. Wood has often been found in the sand west 
of this beach in Chicago. 

Reference has been made to the beachlets which occupy the 
interval between the main beach and the present shore of the lake. 

U) Trans Royal Sooiety of Canada, 1891, pp. 39-3Q, plate II. 
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These do not form continuous lines around the head of the lake, 
but those in the vicinity of the Chicago University and Jackson 
Park die out in the marsh, which sets in a short distance south of 
the park, and those in Lake County, Indiana, die out at their 
western ends in a sandy plain, which borders Wolf Lake, Lake 
Calumet, and other small lakes near the State line. This sandy 
plain stands but S to 8 feet above the lake and was apparently an 
open bay at the time these bar-like features were forming. But it 
has now become filled w^ith sand, leaving Lake Calumet and the 
other small lakes as its dwarfed representatives. The beachlets 
stand only lo to 12 feet above lake level (except where coated by 
wind-drifted sand) and are, as noted above, to be referred to the 
action of the present lake rather than to Lake Chicago. 

The outlets of the lake at the time the Third beach was form- 
ing appear to have been along three lines; one, that occupied by 
the mouth of the Chicago River and the south branch of the Chi- 
cago RivcT (reversed) ; a second along the marsh referred to above 
as leading from the south part of Hyde Park Tow^nship north-, 
westward between ICnglewood and South Lynne, which connects 
w^ith the south fork of the Chicago River north of the Union Stock 
Yards; a third leading westward from Riverdale along the Sag out- 
let. The broadest of these outlets is that leading past Englewood 
and the Union Stock Yards, and it is possible that the other out- 
lets became nearly closed by sand before this outlet was aban- 

m m 

doned. 

The altitude of this beach is now^here more than 20 to 22 feet 
above the lake (except where wind has drifted sand to higher 
levels). The outlets could not well have been cut below a level 8 
feet above the lake, that being the altitude of the Chicago outlet for 
several miles below its junction with the present Des Plaines River. 
The depth of the water in the outlets would, therefore, be 10 to 12 
feet or less. As beaches are often built up to a height of 4 or 5 feet 
above the ordinary level of the lake, it seems probable that 
the ordinary stage of water was not more than 15 feet above the 
present stage of Lake Michigan, thus leaving but 7 feet depth 
of water in the outlet. The Sag outlet reaches nearly 15 feet 
above the level of Lake Michigan, hence it was probably at all 
times a minor line of discharge. 

As hinted above, the reference of this beach to the same lake 
which formed the higher beaches is not made with any degree of 
confidence. Indeed, the abundant life of the waters which formed 
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this beach distinguishes it so strikingly from the paucity of life 
which characterizes the other beaches that a suspicion of a dif- 
ferent origin at once arises. 

Dr. J. W. Spencer has advanced the view that an upHft at 
the Niagara outlet is still in progress, and has suggested that the 
recession of the falls of Niagara past Johnson's Ridge, a ridge 
standing higher than the remainder of the gorge and situated 
about a mile north of the Falls, would have caused a temporary 
partial discharge of the upper lakes, including Lake Erie, into the 
Mississippi, a discharge which did not stop the outflow by Niagara. 
He maintains that when Niagara Falls had effected the incision 
through the Johnson Ridge, the level of Lake Erie fell about 24 
feet, reaching a level 17 feet below the Chicago divide, and thus 
the full flow of the outlet was returned to Niagara, (i.) 

The test of the value of Dr. Spencer's ingenious suggestion 
lies in the occurrence of phenomena inimediatelv south of the 
ridge, which will demonstrate that the water stood at a level suf- 
ficiently high to have caused outflow through the Chicago outlet. 
Such a stage of water should have left shore markings there as 
well as on the plain at the head of Lake Michigan. The view that 
an uplift is still in progress in the vicinity of the Niagara outlet 
also seems to be sustained by very weak evidence. 

Prof. L. E. Cooley has called my attention to rapids at the 
head of St. Clair River, which he thinks may have a bearing upon 
the lowering of the lake level a few feet in recent geological times. 
For several miles the St. Clair River has a fall of al)out 16 inches 
per mile, making nearly all the descent of nine feet which is made 
between Lake Huron and Lake Erie. This rapid portion is stated 
by Professor Cooley to be cutting glacial drift, and it is his opinion 
that this drift barrier may have at one time held the lake level even 
as high as the second beach. The matter is one worthy of investi- 
gation, and Professor Cooley has hoped to give it fuller attention. 
The question of the date of this beach and of its relation to uplifts 
and barriers must therefore be left open until more substantial 
evidence is gathered. 

THE PRESENT BEACH OF LAKE MICHIGAN. 

Dr. Edmund Andrews has discussed the present beach of 
Lake Michigan in his paper published in an early volume of the 
Transactions of this Academy, and compared its strength with that 
of the beaches of Lake Chicago (2). Since this paper is now out of 



(1) Proc. A. A. A. S., Brooklyn MeeUng, 1804, pp. 242-243. 

(2) Trans. Chicago Academy of Sciences, Vol. II, 1870, pp. 1-23. 
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print and copies of ii arc difficult to obtain, the computations made 
by Dr. Andrews are presented below. Dr. Andrews apparently 
includes the beachlets referred to above in the present lake stage. 

The lake is encroaching upon the district on its west border 
from the Wisconsin line southward to Chicago, though piers 
built along the shore in Chicago and for some distance north- 
ward now prevent further encroachment. Along the border 
of Hyde Park, in the south part of Chicago, the lake is 
building a beach and is tending to fill in rather than to extend the 
lake in that region. In Indiana the lake is filling in rather than 
extending its borders. In Southwestern Michigan it is eroding the 
prominent parts and filling in the bights, thus giving the lake a 
more regular outline. In this connection it may be Remarked that 
the effect of the lake generally is to remove the prominent parts 
and fill the bights. 

Dr. Andrews computed the bulk of the beach as follows : For 
25 miles west from Michigan City it maintains an average cros?» 
section of about 6,000 s(|uare yards, and its contents are 264.- 
000,000 cubic yards. In this division the beach is in the form of a 
lofty belt of sand dunes, about one-third of a mile w^ide, and in 
places 160 to 200 feet in height. In the next eight miles west this 
beach spreads out into a broad belt of low parallel ridges, about 
two miles in extreme width. This division has a cross section of 
about i6,cxx) scjuare yards, after deducting the sand which was 
deposited by Lake Chicago. Its contents amount to 225,280,000 
cubic yards. From the Indiana line, near Wolf Lake, to Chicago 
River, a distance of sixteen miles, the sand occupies a belt esti- 
mated to be seven yards thick on the shore and running out to a 
thin edge at the average distance of 2,500 yards inland. It, there- 
fore, has a cross section of 8,750 square yards and contains 246.- 
400.000 cubic yards. To this should be added the portion of the 
beach under water. This, taken for the entire distance from Chi- 
cago to Michigan City, is estimated to be about 1,01 1,890,000 cubic 
yards. The computation of the subacjueous belt is as follows : The 
sand at the shore line is about 10 feet deep, and it extends out to 
where the water reaches a depth of 24 to 36 feet. The breadth 
varies greatly, ranging from about 1,000 yards to nearly five miles, 
the widest part being at the head of the lake. The total bulk of the 
lake deposits, both in and out of water, in the section between 
Michigan City and the mouth of Chicago River, is estimated to be 
1.747,570,000 cubic yards. 



GEOLOGICAL AND NATURAL HISTORY SURVEY. 81 

Dr. Andrews estimates that the combined bulk of the beaches 
formed by Lake Chicago is nearly equal to that of the beach of the 
present lake, the proportion being i6 to 17. In this computation 
it was assumed that 656,000.000 cubic yards escaped through the 
Chicago outlet. This assumption is based on a comparison of the 
relative sizes of the beaches of Lake Chicago in a section outside 
the outlet and a section embracing the outlet. 

Dr. Andrews attempted to estimate the length of time in- 
volved in the accumulation of the beach deposits by measuring the 
amount of sand carried southward past the piers at Chicago and 
Michigan City. The sand annually stopped by the two piers was 
found to be 129,000 cubic yards. If this represented the whole 
drift past the piers the period represented in the accunuilation of 
the sand in all the beaches would be 26,000 years, and the duration 
of Lake Michigan at its present stage 13,000 years. He estimates, 
however, that not more than one-fourth or one-fifth of the south- 
ward drifting sand is stopped by the piers, and thus reduces the 
period to less than 6,000 years, with but about 3,000 years for Lake 
Michigan. 

Dr. Andrews' estimates were based on the assumption that 
there is a southward flowing current on each side of the lake, car- 
rying sand to its present head. Investigations made by the 
Weather Bureau in 1892 and 1893. under the direction of Prof. 
Mark Harrington (i) led him to the conclusion that the currents 
or. the east shore in the southern portion of the basin are north- 
ward instead of southward. He accounts for the accumulation of 
sand on the north side of breakwaters along this coast by the action 
of the surf, in northerly storms, which is more transient than the 
currents proper and would affect the southern part of Lake Michi- 
gan only when the wind was northerly. This occasional phe- 
nomenon is very efficient when it occurs. He concludes that the 
estimates of time involved in the formation of beaches have, there- 
fore, less value than would be the case were the accunnilations due 
more largely to lake currents. 

Considerable study of the movement of water in Lake Michi- 
gan has been made by the Chicago Drainage Commission, largely 
under the direction of Professor Coolev. As a result of these in- 
vestigations, which involve not only a study of bottle papers, but 
also a thorough canvass of the opinions of lake captains and an 
examination of breakwaters, Mr. Coolev has reached the conclu- 



(1) Currentfl of the Great Lakes as doducftd from the movoments* of Bottln 
Pfipcrs during the seasons of 1892 and 18t«, by Mark W. Harrinsrton, Woathor Bureau, 
Bulletin B, U S. Department of Agriculture, 1894. 
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sion that the effective work on the shores is (hie to waves and not 
to currents, and it is a matter of doubt if this lake has such a system 
of currents as are indicated by Professor Harrington's charts. The 
movement of the water seems to depend mainly upon the wind, but 
is governed to some degree by the contours of the shores. If the 
north winds prevail for a few days, as is often the case in the sj^ring 
months, the surface water appears to have a southward move- 
ment throughout the breadth of the lake, and return currents must 
be at some depth. On the other hand, a prevailing south wind, 
such as occurs for short periods during the summer, will induce 
a northward movement across the entire breadth of the lake. The 
contours of the shore seem to favor a northward movement from 
direct west winds in the north half and a southward movement in 
the south half of the lake. As the prevailing winds are from the 
west these become the most protracted of the movements of sur- 
face water. Professor Cooley has found that breakwaters along 
the shore support this interpretation. In the southern half of the 
lake they are largely constructed to protect the harbors from the 
drift on the north side, while in the northern half they are con- 
structed to protect them from drift coming from the south. In 
view of this apparently changeable course of lake movement, it 
seems doubtful if estimates, such as Dr. Andrews attempted, have 
the value that some have attached to them. 

Dr. Andrew^s also made an estimate of the age of the lake from 
the annual amount of destruction of the bluffs. To determine the 
rate of erosion on the west coast of Lake Michigan he gathered a 
large number of observations, mostly derived from surveys, and 
after rejecting loose or vague estimates, as well as erosions 
brought to notice because of remarkable rapidity, he obtained the 
results given in the following table : 

At Evanston the erosion is. ...... 16.95 feet a year 

At the Old Pier, two mik^s further north 4.()o 

One mile further north 3.08 

At Winnctka . 4.05 

One mile further north 6.05 

Lake Forest 1.65 

Waukcgan 0.00 

Two miles further north 0.00 

State line 16.50 

Kenosha * 12.00 

Two miles further north . - 3.00 

Three miles further north 12.00 
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Pacinc Point 16.00 " 

Ricine . . . • 6.00 

Oak Creek 2.00 

One mile further north 1.60 

Milwaukee . . . 6.25 

Port Washington 2.30 *' 

One mile further north. 1.50 

Place further north . . 3.00 

Place four miles south of Sheboygan 8.00 

Sheboygan 6.25 

Manitowoc 5.00 

From the above tabic il appears that the average erosion in 
the portion of tlie shore between ^lihvaukee and jNIanitowoc is 
4.33 feet per year, while between Milwaukee and Evanston it is 
6.24 feet per year. The average erosion of the two sections is 5.28 
feet. 

A series of more careful measurements than those given in 
the above table aj)pears in the Geology of Wisconsin and covers 
part of this section of the shore. The following is the statement 
furnished by Dr. Laphajn to Prof. Chambcrlin (i): 

"Mr. S. G. Knight, of Racine, has carefully measured for the 
Geological Survey, from the nearest section corner or quarter 
post, to the bank of Lake Michigan, along all the section lines in 
Racine County, the results of which, compared with the Govern- 
ment Survey made in 1836, arc given in the following table. Had 
these measurements been made at right anglefe to the shore line 
the result would have been a trifle less; but as some portions of the 
bank have been artificially protected we may assume the result 
as a close approximation to the actual amount of loss, during the 
past thirty-eight years in Racine County. These measurements 
will have their value many years hence." 

LAKE SUOKE IN RACINE COUNTY. 

Section Lines. 1836. 

Chains. 

North line. Sec. 6, T. 4, R. 23 3270 

North line. Sec. 7, T. 4. R. 23. . . • 34.68 

West line, Sec. 8, T. 4. R. 23 30.18 

North line, Sec. 17, T. 4. R. 23 16.38 

West line. Sec. 16, T. 4, R. 23 10.86 



1874. 


Loss. 


Chains. 


Chains. 


30.30 


2.40 


33.45 


1.23 


29.70 


0.48 


14.60 


1.78 


975 


I. II 



(l) Geology of Wisconsin. Vol. II, 1H77. pp. 231-232. 
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Xorth line, Sec. 21. T. 4, R- 23 ^SoS 1450 ^-^ 

West line, Sec. 22. T. 4, R- -J3 • • • 19-39 i«43 o.yO 

North line, Sec. 27. T. 4, R. 23. 2(k^9 -26.39 0.00 

North line. Sec. 34. T. 4, R. 23 • • • 16.04 1547 0.57 

West line. Sec. 34. T. 4, R- 23 3i-5o 30.00 1.50 

North line. Sec. 4, T. 3, R. 23 28.03 26.50 1-53 

North line. Sec. 9. T. 3. R. 23 18.82 18.00 0.82 

North line. Sec. 16, T. 3, R. 23. 27.80 20.60 6.20 

North line. Sec. 21. T. 3. R. 23 • 21.25 1800 3.25 

North line. Sec. 28, T. 3. R. 23 3J.22 31.16 1.66 

West line, Sec. 28, T. 3. R. 23 3020 23.87 6.33 

North line, Sec. 32, T. 3, R. 23 34.85 32.40 2.45 

South line. Sec. 32. T. 3. R. 23 46.^)0 44-73 1-^7 

Mean of eighteen places, chains • 1^2 

Same in feet, 126.72. 

Loss per annum in feet, 3.33. 

"The following measurements were made to ascertain the 

amount of the abrasion of the west shore of Lake Michigan, in 

Milwaukee Onmty, since the ( iovernment Survey, made in 1835 

and 1836: 

Annual 

Place. 1835. 1874. Loss. 

Chains. Chains. Feet. 

South line. Sec. i, T. 5, R. 22 45.61 44- 50 1.9 

South line. Sec. 36, T. 6, R. 22. 15.90 14.40 2.6 

South line. Sec. 24. T. 6. R. 22. 1929 18.70 i.o 

South line. Sec. 21. T. 7, R. 22 8.72 8.42 0.5 

South line. Sec. 15, T. 7, R. 22 5.37 2.82 4.3 

South line. Sec. 10, T. 7, R. 22 4335 41-64 2.9 

South line. Sec. 3, T. 7, R. 22 19.34 17-36 333 

South line, Sec. 34, T. 8, R. 22. 22.00 18.69 561 

Mean 2.7^ 

"The loss in the other counties bordering the lake is less on 
the average." 

In view of these measurements reported ])y the Wisconsin 
Survey, the rate for the entire shore is pro])ably scarcely more 
than half that of Dr. Andrews' estimates. 

J)r. Andrews calls attention to the existence of a submerged 
terrace, which, he thinks, furnishes a ready means for determining 
approximately the original position of the shore, and conse- 
quently the distance which the bluffs have receded since the water 
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occupied its present level. Where the shores are of drift clay the 
terrace generally has a breadth of from 2 to 6 miles, but at the 
south end of Lake Michigan it is nearly ten miles. The west shore 
of Lake Michigan was examined in some detail l)etween Chicago 
and Manitowoc and found to have an average width of 3.()8 miles. 
This terrace slopes gently outward to the dci)th of about 60 feet, 
when the bottom dips more suddenly to the deep water of the 
basin. It is thought by Dr. Andrews to be the product of wave 
action and is denominated by him the terrace of erosion. The pres- 
ent writer, however, has no opinion concerning its origin. The time 
re([uired for the formation of this terrace was computed by using 
the average width of the terrace as a dividend and the annual rate 
of erosion as a divisor. As the outer edge of the terrace is at the 
depth of 60 feet, the position of the old shore was assumed to be at 
a point where a line drawn from the top of the present bluff of the 
lake to the outer adgt; of the terrace would meet the surface of the 
lake. These estimates give the average position of the old shore, 
a distance of 2./2 miles from the present shore. Dividing this 
distance by the annual rate makes the total age of the terrace 2,720 
years, or a duration nearly the same as that computed by the drift- 
ing of the sand. If the rate of erosion determined by the Wiscon- 
sin Survey be substituted the age would be 4,708 years. 

The estimate based upon the rate of erosion of the shore of 
the lake is probably nuich more reliable than that based upon the 
drifting of the sand past the piers, but the great variability in the 
height of the shore (from 10 feet up to 100 feet or more) and the 
variability in the rate of recession (from o to 16.95 ^^^'^ V^'^ year) 
make it evident that the above c()ni])utation is at best only a rude 
approximation. These estimates serve, however, as a i)rovisional 
measurement of the duration of this stage of the lake and have 
much value in its bearing upon the length of postglacial time. Dr. 
Andrew's remarks that they are useful, in showing that it is impos- 
sible to allow, even on the most liberal estimates, any such post- 
glacial anti([uity as 100,000 years, wdiich has often been claimed. 
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